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Editorial 
Pyelonephritis—An Enigma 


espire the widespread recognition of pyclo- 
D nephritis as a distinct clinical entity and 
the availalality of an ever-increasing muluplicity 
of antibiotics, the diagnosis and treatment of the 
condition remain enigmatic. The disease con- 
tinues he @ major surprise diagnosis at 
necropsy §/) and is now perhaps the most 
common cause of renal disease (2). As an in- 
fection it barely vields quantitative supremacy 


to infection of the upper respiratory tract | J). 
Ihe permanent control of chronic pyclo- 
nephritis is said not to exceed 10 per cent |7/). 


It would seem appropriate for both internist and 
urologit now to combine thei efforts in an 
attempt to eradicate this potentially fatal disease 
at the onset (3 

Among those interested in pyelonephritis 
there appear to be two broad areas of disagree- 
ment, the first of which concerns diagnosis. The 
diagnosis of typical acute pyelonephritis should 
rarcly be missed, provided one recalls that 
baciiluria and pyuria may be intermittent. 
Likewise, the diagnosis of typical obstructive 
pyelonephritis, either recurrent or chronic, 
ordinarily presents no problem. It is in the 
delineation of combined infections of the upper 
and lower urmary tract, when overt symptoms 
referable to infection of the lower urinary tract 
distract from the more subtle signs of the infec- 
tion in the upper urinary tract [6); in the 
demonstration of active pyelonephritis when its 
syinptoms are minimal (inapparent active pyclo- 
nephritis and pyelonephritis lenta); when the 
condition complicates other documented forms 
of renal disease and produces an otherwise 
unexplainable exacerbation; and when the only 
overt sien is hypertension, cither benign or 
malignant, that our diagnostic tools are grossly 


inadequate. 
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Pyelonephritis may exist without obvious 
symptoms, without diagnostic alteration in the 
urine, and despite repeatedly normal urine 
cultures |7'. Helpful in diagnosis, when present, 
are persistent pyuria as demonstrated by the 
Addis technic, the demonstration of pus cell 
casts, non-specific and therefore non-diagnostic 
“glitter cells,” and possibly the repeated demon- 
stration of a disproportionate fall in the maximal! 
osmolarity of the urine as compared with the 
glomerular filtration rate |2|. Also, urine cul- 
tures after renal biopsy and culture of the 
specimen obtained at biopsy may help [8]. If all 
diagnostic efforts have failed and one’s suspicion 
is unallaved, there is little to be said against 
the oft neglected and possibly old-fashioned test 
of a therapeutic trial of appropriate drugs. 

The second broad area of controversy concerns 
the importance of bacterial counts and the 
validity of catheterized versus mid-stream cul- 
tures in the female. It is well established that 
contaminated urine will contain less than 100,- 
M) bacteria per cubic centimeter no matter 
how it is obtained [4). As a rough screen to 
separate contamination from significant bacil- 
luria this may suffice, although it is perhaps not 
much more helpful than the gram stain of the 
urinary sediment that should precede all urine 
cultures since, as a rule of thumb, no organisms 
will be seen if the bacterial count is less than 
10° | 4). Bacterial counts cannot be considered 
truly quantitative, since they rely on bacterial 
multiplication over an unspecified period of 
time (the first morning specimen is recom- 
mended |4)), and there are many other uncon- 
trollable factors that influence bacterial multi- 
plication, including the inherent vigor of the 
particular strain involved. However, there 1s 
emotional security in numbers, even though, 


| 
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as is true of so many “tests,” errors inherent 
in the technic may induce a false sense of either 
security or insecurity. Nor is the bacterial count 
of value when it is needed most: the patient 
with chronic pyelonephritis whose abscesses do 
not at the moment communicate with a nephron 
and whose urine will be sterile or nearly sterile 
at the time the culture is obtained. Nevertheless 
the technic has served to bring the problem 
of urine cultures into sharper focus and repre- 


sents a definite contribution to the study of 


pvelonephrits. 

Should mid-stream specimens in the female 
replace catheterized specimens? The case against 
the catheter has been boldly championed (4). 
This might be construed to imply that the 
meticulously performed mid-stream method | /(/, 
of obtaining urine cultures from females should 
always be emploved. There are plausible rea- 
sons for modification of this view. Urine cultures 
are properly interpreted only by seasoned judg- 
ment, a sharp focus on the entire clinical 
picture, and, above all, recognition of the 
limitation of culture reports and knowledge of 
the exact technic used to obtain the culture. 
Urine obtained through a catheter by uncertain 
hands or from a buried urethral meatus is not 
worth culturing. Ideally, the same highly trained 
personnel, situated in close proximity to the 
bacteriology laboratory, should obtain all 
specimens, and the method which produces 
the safest and most uniform results should be 
adopted. If rigid standards are met and main- 
tained, for general screening purposes the method 
of choice would seem to be a mid-stream speci- 
men. Even then, there will always be cases in 
which a catheterized specimen is preferred, and 
rightly so. 

The basic principles in the management of the 
patient with pyelonephritis remain unaltered 
despite the continued introduction of new 
antibiotics. The search properly continues for 
eradication of foci of infection. Whenever possi- 
ble the general health is improved. In the ab- 
sence of heart failure salt is not restricted, but 
the protein intake is restricted (0.5 @m.. kg.) 
when azotemia appears. 

Although a= surgically correctable lesion 
demanstrable urographically is found in only 
about one-third of patients with pyelonephritis, 
it is strongly urged that all patients who have 
recurrent or chronic pyelonephritis be subjected 
to the careful examination of a competent 
urologist before any course of therapy is 
selected, 


The anubiotic treatment of pyelonephritis has 
two separate goals: 

(1) As lone as the interstitial tissue of the 
kidnevs is believed to be infected, the dosage of 
the anulnotic used must be sufhicient to raise the 
plasma level of the drue above its minimal 
inhibiting concentration; the urinary concentra- 
tion of the drue should be renored, because the 
concentration of antilmotic in most of the inter- 
sutial tissue of the kidnev ts invariably lower 
than its concentration in the plasma |5,6). This 
concept ts open to criticism on the ground that 
the concentration of antilmotic in the interstitial 
tissuc of the kidney must varv with both the 
integrity of the blood supply and the exact 
location of the infection in relation to the various 
parts of the nephron. Moreover, no drug whose 
antubrotic depends on lowerme ol the 
urinary pH (mandelic acid, Mandelamince) can 
have any effect on an infection in the interstitial 
tissue of the kidnev where the pH presumathls 
remains unalterable. Nor can a drue (such as 
Furadantin) which vields verv low blood drug 
levels in relation to its usual minimal inhibitors 
concentration of 20 to 30 me. 100 ce. 177) be 
rationally administered to treat infections of the 
interstitial tissue of the kidney. 

(2) If, on the other hand, the therapeutic 
goal is to decrease the likelihood of a recurrent 
ascending infection which might casily infect 
already damaged and theretore hichly vulner- 
able renal tissue. the antibiotic dosage can 
jusuhably be regulated by the drug concentra- 
tion in the urine, and under these circumstances 
the pH of the urine may be considered signifi- 
cant. This is the theoretical basis for prolonged 
low dosage therapy after presumable ecradica- 
tion of infection in the interstitial tissue of the 
kidney. 

In general, it scems desirable to bewin treat- 
ment with one of the simpler and safer anti- 
biotics. Combinations of antibiotics may be 
rationally emploved, both for their synergistic 
effect, when demonstrable m eitre, and to delay 
the appearance of resistant forms |/2). It seems 
justifiable to reserve the more toxic but also more 
effective newer bactericidal agents for thera- 
peutic failures or for the desperately ill. Proper 
selection of the agent or agents to be used de- 
pends upon the stage and severity of the disease, 
reliable help from the bacteriologist, and a nice 
sense of judgment. 

Despite meticulous attention to detail, the 
treatment of chronic pyelonephritis remains 
frustrating although it is by no means hopeless. 
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There are several obvious reasons for this. The 
normal kidney is relatively immune to infection, 
but certain forms of renal damage render it 
highly susceptible to infection and reinfection. 
In the normal kidney Escherichia coli quickly 
decrease in numbers whereas in an obstructed 
kidney the rate of crowth may enter the loga- 
rithmic phase [/3). Obstruction to drainage 
appears to be the leading common denominator 
2|, whether the obstruction is due to local 
changes im the walls of the ureters from infection 
dt) or, more commonly, to distortion of the 
renal tubules by scar tissue which creates local 
areas of stasis in which reinfection casily oc- 
curs | /5 

An additional cause may well be the indol- 
ence of infection, since the majority of agents 
are most effective when the bacteria are actually 
multiplying. Interesting but not vet clinically 
applicable is the suggestion | /6) that there may 
be a primary disturbance in the bactericidal 
svstem of the serum of some patients with 
pyelonephritis. However, no deficiency of 
gamma g@lobulin has been demonstrated and no 
excess of competitive non-bactericidal activity 
was found to account for the primary deficit in 
pyelonephritis scrums with reduced bactericidal 
power. 

It is our present policy to treat the patient 
with chronic pyelonephritis intensively for the 
first ten davs with the antimicrobial agent or 
combination of agents that seems most likely to 
be successful. Considerable reliance is placed on 
sensitivity tests. Urine cultures obtained during 
the course of therapy are considered of no value, 
since the urine and its antibiotic content both 
are concentrated in the collecting tubules, and 
the urine hence may be sterile while infection 
in the interstitial tissue of the kidney is rampant. 
After ten davs, treatment is discontinued and 
forty-cight hours later another urinary culture 
is obtained. If still positive, the treatment is 
re-designed and the patient may be given one of 
the newer and more toxic bactericidal drugs 
after the sensitivity of the organism to the drug 
being employed is determined by the tube dilu- 
tion technic. When treatment ultimately is 
successful, long term low dosage therapy is 
initiated with one of the sulfonamides or one of 
the antibiotics to which the organism was 
sensitive in an attempt to prevent recurrent 
ascending infection or rapid multiplication of 
organisms in an indolent, relatively avascular 
area of the kidney until the natural defenses 
of the body can eradicate the infection. Since 
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this regimen may encourage the appearance of 
resistant organisms, it is wise periodically to 
reculture the urine while treatment ts continued 
and, if the culture is positive, another anti- 
biotic should be given. It is hoped that as 
intensive prolonged treatment is more widely 
employed, as newer and safer bactericidal anti- 
biotics appear, and as the underlying mechanism 
of body resistance is delineated, the final results 
of therapy will be less disappointing. 
Ropert BirCHALL, M.D. 
Department of Medicine, 
Ochsner Clinic, 
New Orleans, Louisiana 
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Clinical Studies 


Cat Scratch Disease 


A Study of Eighty-T hree Cases 


W. B. SPAULDING, M.D. and JOAN N. HENNESSY 


Toronto, Canada 


N recent years many articles have been pub- 
lished about cat scratch disease |/|. Perhaps 


because of the novelty of the disease most of 


the reports describe single cases or small groups 
of cases. In addition, observations on various 
facets of the disease have been reported, for 
example: studies of the significance of the skin 
test [2-4]: the significance of the lyvmpho- 
granuloma venereum complement fixation test 
'2,5,6|: and the pathologic features of the lymph 
nodes |2,7|. The most complete report in the 
English literature is that of Daniels and Mac- 
Murray [8], which describes the clinical and 
laboratory findings in 160 cases. The purpose of 
the present article is to present findings in 
eighty-three cases; forty-six were observed 
personally. 

Cat scratch disease 1s a more accurate term 
than cat scratch fever because usually fever is not 
the chief symptom and some patients have no 
fever at all. The cardinal feature is a subacute 
granulomatous lymphadenitis which is sterile 
when tested with present-day technics for the 
isolation of fungi, bacteria or viruses. Until more 
specific tests are devised, it appears wise to 
require that the reaction to the skin test for cat 
scratch disease be positive before making the 
diagnosis. All patients in this series had lymph- 
adenitis and a positive reaction to the skin test. 


EPIDEMIOLOGY 


The disease is presumed to be due to an infec- 
tion but so far attempts to isolate an organism 
have failed. Extensive bacteriological and 
mycological tests, egg yolk inoculation, mouse 
brain inoculation and subcutaneous and intra- 
peritoneal injections in guinea pigs have all 
proved negative. Tissue culture passages have 


been made in a variety of cells including Hela, 
human conjunctival epithelium, monkey kidney 
and Ivmph node, adult cat kidney, human 
embryonic liver and peripheral blood cells, 
with no evidence of cs topathogen eflect. Until 
it becomes possible to culture the causative 
organisms many interesting questions about the 
Where does the 
organisin exist in cats? Why does the same disease 


disease Cannot lee answered 


not develop in cats’? Why do some patients with 
a typical illness have a negative reaction to the 
skin test? Why is the complement fixation test for 
lvinphogranuloma venereum usually negative in 
children but positive in about half of adult 
patients’ Are there different strains of the 
organism, Is the causative agent affected by any 
chemotherapeutic or antibiotic agent in vitro’ 
The role of cats in the transmission of the dis- 
ease is well established. (lable 1.) Although most 


1 
CAIN TACT WITH CATS: IN 
Data No. Per cent 
Prevent Nevins 
Contact with cats 72 a7 
Cat scratch 5°7°) (41 of 72 cases) 
No contact 2 2 
Damels and M Murray is] Cases} 
Cat scratch 58‘, (93 of 160 cases) 
No contact | 32 7.5 


* From the Departments of Medicine and Bacteriology, University of Toronto and Toronto General Hospital, Toronto, 
Canada 
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of the cats concerned in this series remained 
healthy, five were sick about the time the pa- 
tients became ill and two of the five cats died, 
one with a diagnosis of enteritis. 

The seasonal incidence in this series is striking 
and confirms the observation of Marshall [9] 
who reported eleven cases from Nova Scotia. In 
Figure 1 the month of clinical onset of the disease 
in seventy-cight cases is shown; in five cases the 
date of onset was not recorded. 

The prevalence of the disease in winter is not 
due to a single epidemic; our cases have been 
diagnosed over a four-vear period. It will be 
interesting to see whether this seasonal variation 
is found in other parts of the world. In Canada 
itis sufficiently noteworthy to be a useful point in 
diagnosis. Why should the disease be uncommon 
in summer’ Perhaps cats spend so much time 
roaming outside in the warm weather that the 
number of times people are scratched decreases 
significantly during this time of the vear. 

Our experience supports the general opinion 
that the disease is of low infectivity. Usually only 
one member of a family becomes ill, despite the 
fact that others have had as much contact with 
the cat and have been scratched by it. In this 
series there were six instances of multiple intec- 
tion in the same household 

There is reason to believe that the organism 
lingers in some houscholds; perhaps cats serve 
as carriers for prolonged periods. For example, 
two members of a family had cat scratch disease 
about the same time and four vears later two 
other members acquired the disease. In another 
family the mother was affected one vear alter her 
daughter had had cat scratch disease. In at- 
tempting to establish a diagnosis it is worth ask- 
ing whether others in the household have had a 
similar illness recently or in the past. 


CLINICAL FEATURES 


In addition to the almost invariable history 
of contact with a cat, a history of an actual 
scratch can be elicited in over half the cases. 
In this regard our series is similar to that of 
Daniels and MacMurray (4). In some a primary 
lesion develops at the site of the scratch. In this 
series twenty-one patients had primary sores, 
usually erythematous papules a few millimeters 
in diameter, which occurred from seven to 
fifty-six days after the scratch. 

The incubation period from the time of the 
scratch until the onset of the adenitis varied from 
seven to sixty-one days, usually being seven to 
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Dec lan lune 


Fic. 1. Prewalence of disease in winter. 


fourteen days. One man was scratched re- 
peatedly by his cats; he gave them away, and 
two months later noted a primary sore on his 
index finger followed a few days later by inflam- 
mation of the epitrochlear and axillary nodes on 
the same side. 

Adenitis was observed in all superficial lymph 
node areas of the body. The nodes, which were 
usually tender and ill-defined, occasionally 
reached a size of 8 to 10 cm. in diameter. Axil- 
lary and cervical areas were most often involved, 
probably because the hands, arms, face and 
neck are most commonly scratched or brushed 
against by cats. The frequency of involved 
sites is shown in Table . 

The axillary nodes alone were involved in 
thirty-two cases and with other nodes in an addi- 
tional twelve cases: more than half the patients 
had inflammation of axillary nodes. Thus there is 
a good probability that an indolent axillary 
adenitis is the adenitis of cat scratch disease. To 
a lesser degree, the same can be said of an in- 
dolent inguinal or femoral adenitis. The chief 
dithculties in differential diagnosis arise with 
cervical adenitis. 

The adenitis progressed to gross suppura- 
tion in twenty-six of the eighty-three cases. 
Suppuration was recognized as early as twelve 
days and as late as forty days after the onset of 
the adenitis, the usual interval being three to 
five weeks. If a non-suppurative adenitis due to 
cat scratch disease has been present for six 
weeks, experience would indicate that there 
is litth chance of a frank abscess forming 
subsequently. Constitutional symptoms are a 
common but not invariable occurrence. Patients 
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TABLE U 
SITES OF INVOLVED LYMPH NODES 


Site Involved No. of Cases 


Sinele Area Only 


32 
Head and neck 1” 
Inguinal or femoral... . 15 
Above scapula. I 


Site not recorded 


Alore than Une Are a 


Axillary and epitrochlear . . 

Axillary and cervical . 

Bilateral inguinal 

Bilateral axillary and bilateral cervical 
Axillary, epitrochlear and pectoral . 
Epitrochlear and cervical... .. . 


usually complain of fever, malaise, anorexia and 
fatigue. The fever is generally low grade but, 
particularly in children or in patients with the 
rare complication of encephalitis, temperatures 
as high as 105°r. may be recorded. As a rule 
the constitutional symptoms last a few days to a 
few wecks. 
UNUSUAL CLINICAL FEATURES 

Pain near joints: Occasionally, when the pa- 
tient consulted his doctor early in the illness, the 
chief complaint was pain in the region of a 
joint, aggravated by movement. Five of the pa- 


tients in this series had a presenting complaint of 


pain in the region of a joint. Unless the area 1s 
palpated to detect enlarged lymph nodes an 
erroneous diagnosis of arthritis may be made. 

Phlebitis of the upper part of the arm accom- 
panied the adenitis in one Case. 

Paronychias were present in two Cases, and may 
have been the site of inoculation. In both cases 
the affected nodes were in the axilla. 

Erythema nodosum occurred in two patients 
who had involvement of inguinal or femoral 
nodes. Others [4,/0| have reported erythema 
nodosum in cases of cat scratch disease. 

Multiple sites for adenopathy: Occasionally 
there were multiple sites for adenopathy (fifteen 
of eighty-three cases, as indicated in Table m1). 
Sometimes enlarged nodes are found in unusual! 
sites, as others [4,4] have pointed out. One pa- 
tient in our series had enlargement of a node 
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located at the upper border of the trapezius 
muscle. 

Splenomegaly was detected in tour patients, all 
children under the age olf filteen. 

Encephalitis, the most alarming complication, 
occurred once in this series. Other cases have 
been reported |//). The staff of the Paediatric 
Service of the New Mount Sinai Hospital, 
Toronto, has kindly permitted inclusion here of 
the following Case report: 


An eleven vear old bov went to his doctor because 
olf a mass in the right axilla which had been present 
for one month. He recalled being scratched on the 
right wrist by a cat some time before the mass ap- 
peared. When first seen his temperature was 100°¢-.; 
white blood count was 12.600 per cu. mm., with a 
normal differenual count. A small amount of pus was 
aspirated from the mass on two occasions. The skin 
lest, using cat scratch antigen, was positive; the 
complement fixation test for Ivmphogranuloma 
venereum was negative. One week later, while watch- 
ing television, the patient fell off his chair and was 
described as “jerking all over.” He rapidly became 
semicomatose, restiess, and had a temperature of 
103°. The white blood count was 16,800 per cu. mim. ; 
the cerebrospinal fluid was normal. Two days later he 
was comatose, his eves diverged and his head was 
rotated to the right. Kernig’s sign was positive and 
Babinski signs were present bilaterally. A’ second 
lumbar puncture revealed 58 lymphocytes per cu. 
mm. and 56 mg. of protein per 100 mil. During the 
next few days he improved steadily and made a com- 
plete recovery. 


ALTERATIONS IN THE BLAND 


The white blood count was usually normal or 
slightly elevated, the highest level being 16,800 
per cu. mm. A few patients had a slight increase 
in lymphocytes or monocytes. OF interest was an 
eosinophilia of 7 to 18 per cent in six of fourteen 
patients with differential white blood counts, the 
oldest patient with an eosinophilia being twelve 
vears of age. Thus cat scratch disease has a 
place in the long list of disorders in which cosino- 
philia may occur | 2). 

The erythrocyte sedimentation rate was often 
moderately clevated, the highest figure being 
98 mm. per hour (Westergren) in a patient with 
a large fluctuant abscess. It rarely exceeded 
50 mm. per hour, was commonly 20 to 40 mm. 
per hour, and occasionally was normal. 


THE SKIN TEST 
The skin test is of considerable help in diag- 
nosis but has a number of limitations. As is well 
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known, the antigenic material for skin testing can 
be prepared easily from the pus of patients 
known to have cat scratch disease. The pus is 
diluted, one part in four parts of physiological 
saline solution, and heated for two hours at 
60°C. one day and for one hour at 60°. on the 
succeeding day. Some authors recommend a 
dilution of one in five (4, but sometimes a dilu- 
tion of one in four vields material which evokes 
stronger skin reactions. The pus is usually of 
such viscosity that further concentration 1s 
unpracticable. Not all pus vields potent 
antigen; the antigen is present in material 
obtained from some patients but absent in 
material from others. We have tested eight lots 
from different patients but only four were 
suthciently potent to be useful. 

Each untried lot of skin-testing material must 
be tested on patients known to have had cat 
scratch disease. It is useful to perform a skin 
test with material of established potency at the 
same time in order that the two reactions may be 
compared directly. Obviously, in its present form 
the skin-testing material is not suitable for com- 
mercial production. 

It is generally accepted that a positive reaction 
to the skin test consists of an area of induration at 
least 5 mm. and of ervthema at least 10 mm. 
in diameter fortv-cight hours alter the injection 
of 0.1 mil. of material intradermally. Borderline 
skin reactions are seen occasionally, and repeti- 
tion of the test may also give equivocal results. 
Sometimes an equivocal test will be definitely 
positive seventy-two hours after the injection. 
Sometimes the result of skin testing is borderline 
with one material but when antigen from pus of 
a different source is used the patient has a clear- 
cut positive reaction (4,4). It is not uncommon to 
find a patient who has been scratched by a 
cat develop a rather indolent adenitis, run the 
usual course of the disease, and yet have a nega- 
tive reaction to the cat scratch skin test. Like 
other writers |4) we have observed that this 
happens in at least 10 per cent of instances in 
which the diagnosis has been made on clinical 
grounds. Perhaps there are different strains of 
the virus with little or no cross-antigenicity. 

A small number of control subjects react 
positively to the skin test |3,4,8). We found three 
positive results in a control group of one hundred 
nurses and medical students. 

Rarely in this series was skin testing accom- 
panied by a brief exacerbation of the disease for 
a few days. When it does occur the sysiemic 


APmit, 1960 


Spaulding, Hennessy 507 


symptoms may worsen, the nodes may become 
larger, more tender and painful or, if a sinus 
is present, the amount of purulent discharge may 
increase. An exacerbation occurred in three of 
our patients. 

Probably the skin test becomes positive soon 
after the onset of the illness. One patient had a 
positive reaction when tested three days after 
the adenitis was first noticed and two others had 
positive reactions seven days after the onset. 
Presumably the skin test remains positive for an 
indefinite period alter recovery: two patients 
with the usual clinical history had a positive 
reaction five vears later, and another had a 
positive reaction nine vears after the illness. 


THE LYMPHOGRANULOMA VENEREUM 
COMPLEMENT FIXATION TEST 


Results of the lymphogranuloma venereum 
complement fixation test obtained in our cases 
are compared with those reported by other 
authors in Table mi. Most writers have not 
accepted dilutions of less than 1:8 as significant. 
However, we have included the results of Kalter 
et al. |2| who considered complement fixation at 
a dilution of 1:5 to be significant. As Armstrong 
and his associates |6| pointed out, the reaction to 
the test is much more likely to be positive in 
adults than in children. Why this should be is not 
known. The same authors, working in Washing- 
ton, D. C., found the incidence of positive 
results in a control series sufhciently high to 
question the usefulness of the test in the diagnosis 
of cat scratch disease. In our control group of 
120 Toronto adults there were no positive results. 

There was a wide range in the intervals be- 
tween the onset of the disease and the times the 
reaction to the complement fixation tests were 
found to be positive. In one case the result of the 
test was positive as early as one week after the 
onset of the adenitis, whereas in another case the 
result was positive five months after the adenitis 
had begun. 


COURSE AND TREATMENT 


In our experience the disease had a mild, fairly 
brief course. Systemic symptoms, when present, 
usually lasted less than a fortnight and were 
seldom seriously disabling. The nodes might be 
painful for several weeks and remain enlarged for 
a number of months. 

Although various antibiotic agents have been 
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‘TABLE WI 
LYMPHOGRANULOMA VENEREUM COMPLEMENT FIXATION TES! 


j 


No. Positive at Stated Dilution 
No. Fraction 


Author Age (vr.) Subjects. 
yr.) | Subjects | ed Positive 


| 


1:81:16 1:32:1:641:1241:256 


| Patients 
37-7: | Patients 
| Not recorded | Patients 
4.25 | Controls | 
32-68 Controls | 


Armstrong et al. (6). . 


Mollaret 3! Not stated Patients 6 5 


Kalter et al. 


Not stated Patients 


Spaulding and Hennessy (pres- 24 Patients 
ent series) 56 Patients 
70 Controls | 


advocated for cat scratch disease we have been 
impressed with the failure of any anubiotic 
drug to shorten the course of the illness. Our 
patients received various combinations of drugs, 
including penicillin, sulphonamides, streptomy- 
cin, chloramphenicol, tetracycline compounds 
and erythromycin; none of them had any 
consistent effect. 

If the nodes suppurate one is tempted to treat 
the abscess by incision and drainage. We have 
found this to be unnecessary because closed 
aspiration, repeated every day or two if required, 
will be effective in nearly all cases. Incision and 
drainage may result in a sinus which discharges 
for a long time. Usually closed aspiration pre- 
vents the development of a sinus. In only six of 
the twenty-six cases of gross suppuration in this 
series was it necessary to aspirate more than 
once. One patient had seven aspirations, the 
maximum in the group, a total of 96 ml. of pus 
being withdrawn. Although Small and Sniffen 
12) have advocated excision of the nodes to 
shorten the course of the illness, we believe that 
this is rarely necessary. In only one of our 
cases was the malaise and fever sufficiently pro- 
longed to consider this form of treatment; even 
in this case the patient felt well six weeks after 
the onset of symptoms. Removal of inflamed 
nodes may be difficult because of the periadenitis 
which is often present. 

With the exception of one patient with 


encephalitis, none of this group of patients was 
dangerously ill. The disease itscll is not usually a 
Scrious one. Howes cT, a pathologist may report 
that an excised node is tuberculous. Chiefly on 
the basis ol reports of the patients 
in this series were told that they had tuberculosis: 
two were admitted to a sanatorium belore cat 
scratch disease was diagnosed. Pathologists in 
our area have become wary about making a 
histological diagnosis of tuberculosis because at 
certain stages the adenitis of cat scratch discase 
may be remarkably similar in microscopic ap- 
pearance. The combination olf lever, constitu. 
ional symptoms and a persisting enlargement 
of lymph nodes may lead to a clinical diagnosis 
of lymphoma; the presence of tenderness of the 
nodes of course favours cat scratch disease rather 
than lymphoma. 


SUMMARY 


The chief points arising from this study of 
cighty-three cases of cat scratch disease are as 
lollows: 

It is a benign infection, endemic not epidemic, 
with a subacute lymphadenitis as the chief 
clinical feature. Cats are much the most common 
vector. The causative organism is probably a 
virus but so far it has not been isolated. In this 
series a seasonal incidence is evident, most Cases 
occurring in the period from October to January 
and almost none in May, June and July. In- 
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fectivity is low but cases may appear in the same 
household at intervals of a year or more. Multi- 
ple sites of adenopathy, usually neighbouring 
lymph node areas, are sometimes involved. 
Certain rather unusual features may be en- 
countered: pain on moving joints, simulating 
arthritis; phlebitis; erythema nodosum; spleno- 
megaly; encephalitis and eosinophilia. 

The skin test has definite limitations but is 
nonetheless an important confirmatory pro- 
cedure. In this series the reaction to the lympho- 
granuloma venereum complement fixation test 
was usually negative in children but positive 
in about half of the patients tested who were over 
twenty-five vears of age. When positive, it was a 
helpful confirmation of the diagnosis. 

No antibiotics have been found effective and 
they need not be given. If gross suppuration 
occurs, needle aspiration is the best treatment. 

The possibility of cat scratch disease should be 
considered in any patient with a subacute 
adenitis, particularly if axillary nodes are in- 
volved. In suspected cases of tuberculous 
adenitis, cat scratch should also be 
considered 


disease 


Achnouwledement: Acknowledement is due to the 
many doctors who have referred patients or sent 
reports of their observations. Dr. Gerald Hart 
collaborated in the early stages of the work. The 
venereum complement fixa- 
tion tests were performed in the Virus Section 
of the Ontario Department of Health Labora- 
tories under the direction of Dr. N. A. Labzofisky. 
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Tuberculous Peritonitis 


A Study of Forty-Seven Proved Cases Encountered by a General 
Medical Unit in Twenty-Five Years 


W. R. Burack. and Rorert M. 


Boston. Massachusetts 


UBERCULOUS peritonitis, which may be pres- 
4 igus in the absence of clinically apparent 
tuberculosis elsewhere, is an insidious but treat- 
able disease {7} which often is not sufficiently 
considered in the differential diagnosis of ab- 
dominal disorders. The purpose of this com- 
munication is to call attention to its frequency 
and to review the clinical and laboratory find- 
ings that point to its presence. The basis for this 
study are the records of forty-seven patients 
proved to have tuberculous peritonitis, en- 
countered on the wards of the Harvard Medica! 
Unit of the Boston City Hospital in the past 
twenty-five vears. 

Even when it comes to mind as a diagnost« 
possibility, tuberculous peritonitis may be 
exceedingly difhicult to prove during Iile. At 
times the subtlety of its manifestations may Cause 
it to be overlooked, a fact well known to clini- 
cians both of this and of an earlier generation 
|2-4|. In the cases reported here there was par- 
recognizing tuberculous 
coexisted with cirrhosis 


ticular difficulty in 
peritonitis when it 
and ascites. As Figure 1 and Table 1 illustrate, 
tuberculous peritonitis was unsuspected in 55 per 
cent of patients with cirrhosis, in only 14 per cent 
of patients without cirrhosis. 


| ARLT I 
THE FALLIBPILITY OF DIAGNOSIS IN THIS SERIES OF 
PATIENTS WITH TUBERCULOUS PERITOINTTIS 


ted! 
beast 
Patients pected 
in Lofe Proved 
ity j ile 
in Life 
Series as a whole 2) 15031" 
Cirrhosis of the alcohol 20 17 
No cirrhosis 7 iG 7 (26° ‘ 


In Osler’s era cirrhosis was thought to pre- 
dispose to peritoneal tuberculosis (3), a complica- 
tion in as many as 9 per cent of cases (6). More 
recently, Ratnoff and Patek in their extensive 
study of Laennec’s cirrhosis in several New York 
found the incidence of associated 
less than had 


hospitals 
tuberculous peritonitis been 
reported ry pres ious authors This was ascribed 
tw “the general decline in the meidence ol 
abdominal tuber- 
Indeed, the 


per 


tuberculosis, partucularls 
culosis, in the last generation.” 
numer ol cases ol tulscerculotus 
admitted vearly to a larec NG husetts State 
Sanatorium has shown a “M) por cent de« lire 
between 1926 and 1958 A 


stand in contrast to the experience with tuber. 


Dhese data, however, 


culous peritonitis of this medical unit, part of a 
large municipal hospital. Figure 2 demonstrates 
that from vear to vear this unit still encounters 
as many paticnts with tuberculous pPcritonitis as 
it did twenty-five vears age 


SELECTION OF CASES FoR STUDY 


lo jpustify inclusion in this series, the diagnosis must 
have been established by at least one of the following 
methods: demonstration of the tubercle bacillus in the 
ascitic fluid cither by guinea pig inoculation or by 
culuure on appropriate medium, or by laparotomy, 
peritoncoscopy or autopsy (Table 

Iwenty-six patients were males, twenty-one were 
females. The age and ex distribution is shown in 
Figure 3, in which the black symbols represent pa- 
tients who also had cirrhosis, of which there were 
twenty. 

Thirty-three of the forty-seven patients died (70 per 
cent), and autopsy was performed in twenty-seven 
Follow-up information is lacking in four patients 
two left the hospital at their own request; one was 
transferred for long-term care to a military hospital, 
and follow-up is unavailable; another, in 1955, was 


*From the Thorndike Memorial Laboratory and Second and Fourth (Harvard) Medical Servicers, Boston City 
Hospital, and the Department of Medicine, Harvard Medical School, Boston, Massachusetts 
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ONO PROVEN 
an 


DIAGNOSIS UNSUSPECTED 
ANTEMORTEM 


bia. 1. Prequeney with which tuberculous peritonitis was proved and went unsuspected in 


patients with and without aleoholie cirrhosis 


or cams 


Year 


Fea. 2. Yearly experience with tuberculous peritonitis, Harvard Medical Services, Boston City Hospital, Boston. 


inadvertently discharged and lost to follow-up before 
the ascitic fluid was known to be bacteriologically 
positive 


SC PINDINGS 


lt is not the purpose of this communication to re- 
view the pathology of tuberculous peritonitis | 5.4.9, /0) 
In the autopay patients of this series, the gross ap- 


1960 


pearance of the peritoneal cavity was described almost 
uniformly as one in which loops of bowel were inter- 
adherent and adherent to the visceral peritoneum and 
other abdominal organs. In most instances there were 
multiple small white or gray tubercles covering the 
surfaces of the viscera; microscopically these were 
invariably located subserosally. In a few cases there 
were large caseous abscesses. Twelve of the patients 
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Fic. 3. Age and sex distribution of forty-seven cases of tuberculous peritonitis. Black sym- 


bols represent patients with cirrhosis, 


SYMPTOMATOLOGY 


10 20 30 40 


30 


PER CENT OF 47 PATIENTS 


60 ec 


ABDOMINAL SWELLING (CHIEF COMPLAINT OF 48%) 


WEAKNESS or MALAISE 


ABDOMINAL PAIN (CHIEF COMPLAINT OF SOS) 


ANOREXIA 


COUGH 


CHILLS end/or FEVER | 


DIARRHEA 


WEIGHT LOSS 


VOMITING 


CONSTIPATION 


NAUSEA 


SWEATS 


hic. 4. Svmptomatologs 


TAPLE 


MEANS BY WHICH THE DIAGNOSIS OF 


TUPRERCULCAS 


PERITONITIS WAS ESTAPLISHED IN THIS SERIES 


had w idespread miliary tuberculoss. four 
patients had tuberculous involvement of the intestinal 
mucosa, and only had apparently primary 


tuberculosis of the genital tract which had secondarils 


Means No seeded the pelvic peritoneum. For the most part, then, 
tuberculous peritonitis in thes group of patients 
occurred not by contiguous spread but in all probabil- 

Inoculation of guinea pig with ascitic fluid only 12 ity was usually hematogenously disseminated 

Autopsy only. . 15 

Laparotomy only 4 SYMPTOMS 

Culture of tubercle bacillus from ascitic thuid Twenty-one ol the forty-seven patients gave 4 his- 
only ’ tory of abdominal pain, in fourteen as a chiel com- 

Two or more of the methods mentioned 11 plaint, with an average duration of ninety-five days 

and a range from one day to two vears. Pain was most 

Total. 4 often described as cramping, dull or aching, and was 


located in various parts of the abdomen, often dif- 
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fusely. Occasonally it was in the right upper quadrant 
over an enlarged liver. In several instances there was 
tablaung abdominal pain, sumilar to pleuritie pain, 
made worse by coughing, straining or sudden beady 
herve tie tits 

Although the complaint of longest duration was 
abdominal pain, abdominal ewelling was a more fre- 
was noted In twenty-nine patients, 
and in twenty-one nm was a chief complaint. In these 
the average duration was thirty-cieht days, with a 
range from one day to seven months. Figure 4 sum- 
marizes the symptoms with which the forty-seven 
patients presented 


PHYSICAL FINDINGS 


All patients at some time during the course of their 
disease had fever, defined as a permstent clevation oF a 
daily rue abowe 97 +. in oral temperature. Some 
patients had afebrile periods of weeks or several 

In appearance the patients ranged from acutely ill 
and emaciated to healthy appearing, well developed, 
and even obew 

Dwenty-cight patients (64) per cent) had abnormal 
physical findings in the lungs. Twenty patients (45 
per cent) presented evidence of pleural effusion and. of 
upper strongly of pulmonary 
tuberculoss. On examination at the time of admiumon 
twenty-eight MES on free abdormnal fluid, 
and im all but seven manifest ascites cventually 
developed. The abdomen in only two patients was 
desembed as “doughy. although m neither metance 
was tuberculous peritonitis then imtially recorded as a 
diagnass, presumably because “doughy 
abdomens are ecncountered not uncommonly in 
elderly patients free of tuberculous peritonitis. The 
“doughy” abdomen therefore, was an uncommon and 
unreliable sign of tuberculous peritonitis. In this 
series the abdomen was characteristically distended 
with fluid, often drum-like. Three of the twenty pa- 
tients with cirrhoss and four of the twenty-seven 
without cirrhosis were free of ascites throughout their 
iliness. Abdominal tenderness was present in twenty - 
four of the forty-seven patients (51 per cent). In seven 
the right upper quadrant was tender; in five of these 
the liver was palpable. Five other patients had tender- 
ness in one or both lower quadrants. Four of these 
were women, two of whom came to autopsy, and in 
neither was there evidence of primary tuberculosis of 
the genital tract. Indeed, in the one autopsy in which 
the pathologist was of the opinion that tuberculosis 
originally involving the Fallopian tubes had second- 
arily spread to involve the peritoneum, the patient 
never had lower quadrant tenderness. Five patients 
had epigastric and/or periumbilical tenderness and 
three had left upper quadrant tenderness, two of the 
latter over enlarged spleens. Generalized abdominal 
tenderness was observed in cight patients. Rebound 
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Taste 
SALIENT PPHYVSICAL. FINDINGS ON ADMISSION IN 
PORTY-SE VEN PATIENTS WITH TUBERCULOUS 
PPE RITONTTIS 


cent 


Finding 
Fever 100 
KAles in upper lobe of lung and or physical 
wens of pleural eflusion._.. 45 
Ascites 60 
\bdominal tenderness _. 51 


tenderness was never recorded. Bowel sounds were 
never found to be absent 

In twenty patients the liver was palpable; eleven 
were alcoholics and nine were not. On only three 
occasons was the spleen palpable, twice in patients 
with cirrhosis 

Four patients had hernias, two inguinal and two 
ventral. In one patient a draining sinus developed in a 
paracentesis site, and in another there was a draining 
sinus at the site of a cholecystectomy scar. 

Pable surmmarizes the salient physical findings on 
admission 


\ PARALLEL ANALYSIS OF SYMPTOMATOLOGY 
IN CIRRHOSIS WITH ASCITES 


In order to test the usefulness of abdominal 
pain and tenderness, and fever as signs of tuber- 
culous peritonitis when it complicates cirrhosis, 
we turned to the Mallory Institute of Pathology 
necropsy records of seventy-five patients with 
cirrhosis and ascites who did not have peritoneal! 
tuberculosis. All except five had, within the past 
five vears, been patients on this unit at the time 
of death. Many of these patients did, in fact, 
have abdominal pain and tenderness and fever, 
but in most of them postmortem examination 
disclosed coexisting pathologic conditions which 
could have accounted for these symptoms. 
(Table tv.) 

Not more than 7 per cent of patients who died 
with cirrhosis and ascites had abdominal pain 
that cannot in retrospect be accounted for by 
one of several associated complications or 
entities. Of the six whose pain seems not to have 
had another possible cause, discomfort was 
located in the right upper quadrant in four, and 
in three of these was associated with tender 
hepatomegaly. Abdominal pain was almost 
never a chief complaint. One is led to conclude 
that any patient with cirrhosis and ascites who 
has abdominal pain ought not to be considered 


514 ‘Tuberculous Peritonitis 


TABLE IV 
ASSOCIATED DISEASE FOUND POSTMORTEM IN) PATIENTS 
WITH CIRRHOSIS AND ASCITES WHO, DURING LIFT, 
HAD ONE OR ANOTHER OF THE SYMPTOMS LISTED 


Disease No. of 
Patients 
Abdominal Pain* 
Chronic cholecystitis and cholelithiasis 3 
Peptic ulcer... .. 4 
Trauma to abdominal wall j 
Thrombosis of superior mesenteric vein ! 
Hepatoma........ 
Acute pyelonephritis 
Acute cystitis. ... 
Perforated peptic ulcer ! 
Abdominal 1 endernesst 

Chronic cholecystitis and cholelithiasis ] 
Peptic ulcer. . . ? 
Pancreatitis. . ? 
Thrombosis of superior mesenteric vein ! 
Hepatoma... 
Tenderness of right upper quadrant over an 

enlarged liver....... 16 

Fever? 

Gastrointestinal bleeding. . 
Pneumonia 16 
Septicemia 
Tuberculosis. , ? 
Multiple myocardial staphylococcal abscesses 
Pancreatitis... .. 
Infection of the genitourinary tract 3 
Staphylococcal enteritis. . . l 
Diphtheria. . 1 


* In seven other patients, pain was in the right upper 
quadrant over an enlarged liver in four, and over an en- 
larged spleen in one. In two others, the pain was de- 
scribed as being “rare and transient” and as “gas pains 
relieved by food.” 

t This includes all patients who had abdominal tender- 
ness but one. In this patient, there was no other possibic 
explanation for the tenderness except cirrhosis and ascites 
alone. 

; Three patients had a liver which histologically 
appeared to contain enough necrosis to account for fever 
11). Only one patient had fever for which there was no 
explanation possible other than cirrhosis. 


as having a single uncomplicated disease until 
proved otherwise. (Table tv.) 

Thirty-five per cent of patients with cirrhosis 
and ascites who died had abdominal tenderness, 
but in more than half of these the tenderness was 
in the right upper quadrant over an enlarged 
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liver, and tenderness located clsewhere could 
be accounted tor by associated pathologic condi- 
tions in all instances except one. It may be 
inferred from this that in the uncomplicated 
case of cirrhosis with ascites the patient not un- 
commonly has a tender liver but that tenderness 
in another part of the abdomen must alert 
the clinician to the probability of other intra- 
abdominal disease as well. (Table tv.) 

Finally, because it has become customary 
to believe that the patient with uncomplicated 
cirrhosis may have a low gerade fever, it was 
surprising and instructive to find that fever, like 
abdominal pain and tenderness, can only rarely 
be ascribed to cirrhosis alone. Fifty-seven of the 
seventy-five autopsy patients with cirrhosis had 
lever, but in a large number ut appeared con- 
comitantly with gastrointestinal bleeding, pneu- 
Other infections and 
most of the re- 


monia of 
pancreatitis accounted for 
mainder. Three patients were believed to have 
evidence of liver 

and only one 


septicemia 


had enough histological 

necrosis to account for lever 
patient had fever with no proved disease except 
cirrhosis. One may conclude that lever, when 
occurs in cirrhosis with ascites, must stimulate 


a carctul search for associated discasc. (Table tv.) 


CLINICAL FINDINGS 


Hematologic Examination. Five patients with 
tuberculous peritonitis had initial white cell 
counts of less than 5,000 per cu. mm. The lowest 
of these values was 2,100 per cu. mm. and was 
associated with thrombocytopenia and bleeding 
phenomena. At autopsy this patient was found 
to have extensive miliary tuberculous involve- 
ment of the bone marrow. Thirty patients had 
between 5,000 and 8,000 white cells per cu. mim., 
and of the remaining twelve patients only two 
had counts greater than 12,500 per cu. mim. 
(20,800 and 25,700 per cu. mm.). Differential 
white cell counts were non-contributory as a 
whole, but in a few instances polymorphonuclear 
cells constituted as much as 85 per cent of the 
total. Almost all patients had a moderate nor- 
mochromic anemia. 

Seven patients had consistently positive 
guaiac tests for occult blood in the stools. Two of 
four patients with intestinal mucosal involve- 
ment fell in this group, but in the others the 
significance of the blood in the stools went 
unexplained. 

Radiologic Examination. Of the forty-seven 
cases the charts of forty contained roentgeno- 
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TSC PERI TONITIS CIRRHOSIS AND CIRRHOSIS 
specific | WITHOUT CIRRHOSIS TSC PERITONITIS ALONE 
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Pia. 5. fluid specific gravity. 


eraphic interpretations. In Table v these are — stated that the specific gravity may vary from 


summarized with respect to chest roenteeno- 1.018 to 1.024 and the “albumin content” from 
crams. Twelve patients had had a gastro- 4.1 to 7.3 per cent. Barrow [|/3) stated that the 
intestinal series. One of these was an individual specific gravity is greater than 1.015, and 
found to have tuberculous enteritis at autopsy, 
whose hlms showed an irrecular outline in the Tose © 
small intestine and cecum. Nine patients had had SINEENGS ON CHEST ROENTGENOGRAMS OF FORTY 
CMC and twice these showed “spasm PATIONTS WITH TUBERCULOUS PERITONITIS 
of the large bowel.” The others were within 
normal Fiadiags No. of 
Sputum Examination. Whe sputum in twenty- Patients 
three patients was examined for acid-last 
bacih, and in eieht these were found. In two ol | 14 
these cight roentgenograms of the chest had Normal, apical disease developing during 
not been reported as showing disease of the course . 4 
upper lobe. One of the positive sputums was from —_—Tafiltration of upper lobe of lung 10 
a patient whose chest roentgenogram was not Infiltration of lower lobe of lung 4 
available. Five of the positive sputums were in see — : 
patients whose roentgenograms were read as Phickened interlobar pleura 1 
highly of tuberculosis. Lingular atelectasis and fibrosis l 
Awitic Fluid Examination. There is a sur- 
prising paucity of published data describing Puslens too obese for reading........ | 1 


the characteristics of the ascitic fluid in tuber- es 
culous peritonitis, although undocumented de- 
scriptive statements can be found. Banyai | /2) 


Arnit, 1960 
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TBC PERITONITIS CIRRHOSIS AND CRRHOSS 
GM % WITHOUT CIRRHOSIS TBC PERITONITIS ALONE 
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Fic. 6. Ascitic fluid protein concentration, 


McPhedran and Peacock described the cell con- 
tent as “‘mainly lymphocytes” |/4). We are not 
aware of published data on patients in whom 
tuberculous peritonitis was unsuspected during 
life and diagnosed only at autopsy. 

In Figures 5, 6, 7 and 8 are summarized the 
results of fifty-four separate ascitic fluid examina- 
tions made in twenty-eight cases. Specific grav- 
ity, protein concentration, total white cell count 
and differential count are each considered 
individually. Only two fluids were described as 
grossly bloody or sanguineous, and one of these 
was noted to have been obtained from a “bloody 
tap.’ Almost all other fluids were described 
as yellow or amber, cloudy or turbid. Also 
analyzed are the recorded characteristics of 
twenty-seven ascitic fluids from twenty-one other 
patients with cirrhosis of the alcoholic, and 
ascites. All except five had been patients of this 
unit within the previous six years, had died and 
undergone autopsy. All were known not to have 
had tuberculous peritonitis or other peritoneal 


disease. These data are plotted in Figures 5, 6, 7 
and 8, 

In Figure 5 it is seen that the specihe gravity 
determination of ascitic fluid is of limited value 
because there is so much spread within cach 
group and so much overlap between them. How- 
ever, the highest recorded values occurred in 
uncomplicated tuberculous peritonitis and the 
lowest values in the patients with Coexisting 
cirrhosis. Among the 468 peritoneal cilusions in 
Paddock’s |/5) extensive study of serous fluids 
in disease were included twenty-one “tuber- 
culous fluids,” with a reported average specific 
gravity of 1.020. The range was not reported. 
Ascitic fluid from patients with cirrhosis ranged 
in specific gravity from 1.001 to 1,020, with 90 
per cent between 1.004 and 1.014 and 95 per 
cent of values below 1.016. It was surprising to 
find in our series as well a large number of 
fluids with specific gravities allegedly much less 
than 1.010 among the patients who had cirrhosis 
with and without tuberculous peritonitis, There 
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Fra. 7. Aseitic fluid leukocyte count. 


is no wav to vouchsale the relabilitv of anv of 
these individual values, all of which were deter- 
mined with a hvdrometer. Pinner | 76), in a studs 
of tuberculous pleural fluid characteristics, 
demonstrated that when effusion formation 
occurs in excess of reabsorption, the specific 
gravity is lew than during the later stage in 
which reabsorption exceeds formation. Even if 
it ts assumed that these general principles apply 
to ascitic fluid, they do not in’ any case tell us 
why a non-chylous, protein-containing ascitic 
fluid should have a specific gravity less than 
1.010. Of course, many patients with cirrhosis 
and ascites have a low serum osmolarity and in 
them an ascitic transudate might be expected to 
have a slightly lower than usual specific gravity, 
although many of the values recorded in our 
cases are far too low to be explicable on this 
account. 


1960 


Attention has been drawn by Ham [77] to the im 
portant effect of temperature on values for specific 
gravity when determined with an ordinary clinical 
hwdrometer (“urinometer’’). It is said that most such 
instruments now in use have been standardized by 
their manufacturers to read accurately at 20°c., but 
some standardized for 15.5°c. and 25°c. are also in 
general use. In any event, such instruments will 
record values that are spuriously low when used in 
fluids warmer than the temperature of standardiza- 
tion. Paddock [/5| reported having observed that 
simple warming of serous fluids from room to body 
temperature could introduce a variation of as much 
as 0.010 using a hydrometer standardized for 15.5°c. 
Using one standardized for 25°c. we have ourselves 
observed a fall in apparent specific gravity of 0.003— 
from 1.005 at 25°c. to 1.002 at 37°c. for isotonic saline 
solution containing 1.0 gm. per cent bovine serum 
albumin. A hydrometer standardized for 15.5°c. read 
0.005 higher at 15.5°c. than at 35°c. This amount of 
variation with temperature is in substantial agree- 
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Fic. 8. Ascitic fluid polymorphonuclears per 100 leukocytes. x, ome thud, not 
recorded here as a point, contained “mostly polymorphonuclears.”” vy, three 
are not recorded here as points. One contained “90 per cent mononuctears and 
two contained “mostly lympho vtes. 7. two thuicts are not recorded as 
One contained “polymorphonuciears”’ and the other a “rare polymorpheo- 
nuclear.” a, on another occasion fluid from the same patient contained no 
polymorphonuclears. b, on two other occasions thuid trom the same patient con- 


tained 36 per cent and 6 per cent polymorphonuclears. c, house offeer reported 


that he was not certain that these were polymorphoni« lears 


ment with the published correction value, viz. 0.001 
for each 3°c. above the standardization temperature 
of the hvdrometer | /7}. 

It is not possible to determine now the specifications 
of the hydrometers that have been used on this medical 
unit during the past twenty-five years (although cur- 
rently in use are ones standardized for 15.5 c.), 
but it has been the practice of its house physicians to 
“work up” body fluids as soon as possible after they 
have been drawn and often are still warm. When it is 
also borne in mind that the error in reading the 
hydrometer scale may be +0.002, the several low 
values shown in Figure 5 become less difficult to 
interpret. In this connection we were recently directed 
to a patient who had cirrhosis with a marked serum 
hyponatremia and whose ascitic fluid had been re- 
ported by the house physician to have a specific 
gravity of 1.003. By gravimetric determination at a 
fluid temperature of 20°c., the specific gravity was 
found to be 1.008. 

One is justified in concluding that published values 
for serous fluid specific gravity should be viewed with 
caution when unaccompanied by facts regarding 


temperature and hydrometer specifications, especially 
when it is often the practice to oversimplily and use 
(with diagnostic implications) a single value as a 
sharp line by which to classify separately “transu- 
dates’ and “exudates. 


Figure 6 shows protein concentrations in the 
three categories. With one exception, patients 
with uncomplicated cirrhosis had ascitic fluid 
protein concentrations of less than 2.5 @m. per 
cent. The exception was a woman who, although 
she had no grossly apparent associated intra- 
abdominal disease, did have a proved staphylo- 
coccal septicemia. Whether there were, in 
fact, patches of peritonitis that were overlooked 
at postmortem examination, or whether the 
septicemia had in some way injured the capillary 
endothelium causing excessive loss of protein 
into the abdominal cavity, are matters for 
speculation. Although a significant number of 
patients with tuberculous peritonitis in both the 
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group with cirrhosis and the group without 
cirrhosis alo had protem concentrations of 
less than 2.5 em. per cent, the majority of the 
values fell above this level. Again, applying 
to peritoneal cflusions what is known about 
pleural effusions | /6), protein concentration, like 
specie gravity, is a function of the relative 
unportance of formation versus reabsorption, 
lower when the former and higher when the 
latter predominates. From a practical standpoint 
it can be concluded that although a low ascitic 
uid protein concentration fails to rule out 
tuberculous peritonitis, a concentration greater 
than 2.5 em. per cent in cirrhosis makes it im- 
perative to search for associated intra-alb- 
dominal disease (not necessarily tuberculous 
peritonitis) 

Figure illustrates the Lact that the total white 
cell count of ascitic fluid from patients with 
uncomplicated cirrhosis was, with only one 
exception, less than 250 per cu. mim. The excep- 
thon is the patient with staphylococcal sepucemia 
already mentioned. Patients with tuberculous 
peritonitis often had counts in this same low 
range although somewhat more than hall 
had higher counts ranging up to 10,000 per cu. 
mm. From this it is clear that the patient who has 
cirrhosis with ascites and whose ascitic fluid 
contains more than 250 white cells per cu. mim. 
must be considered to have associated intra- 
alxdominal disease (not necessarily tuberculous 
peritonitis); a count less than this does not 
ensure the alwence of tuberculous peritonitis. 

In Fieure § is charted, as an index of the dil- 
ferential count, the per cent of polymorpho- 
nuclear leukocytes in the total ascitic fluid 
leukocyte count. This is preferable to charting 
the percentage of lymphocytes because the one 
type of cell about which there was apparently 
the least confusion in identification was the 
polymorphonuclear. When the concentration of 
this cell is low, there must be a high concen- 
tration of mononuclear cells of all kinds. In a few 
instances no numerical data were cited; there 
were only statements such as “mostly lymphs” 
or just “polys.” Where there were “mostly 
lymphs” there must have been few poly- 
morphonuclear leukocytes. It would appear 
that patients with uncomplicated cirrhosis, like 
patients with tuberculous peritonitis (whether or 
not they have cirrhosis), tend to have fewer 
polymorphonuclear than mononuclear cells in 
the ascitic fluid. A few, on the other hand, had 
high polymorphonuclear counts. By way of con- 
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trast, thirteen of thirty-four tuberculous fluids 
contained no polymorphonuclear leukocytes at 
all, and in no case could it be clearly established 
that ascitic fluid from any single tuberculous 
patient contained more than 20 per cent poly- 
morphonuclear leukocytes. It is unfortunate 
that no careful distinction was drawn between 
small and large lymphocytes because there is a 
strong impression on the part of some [/8) that 
the finding of an ascitic fluid with nearly all 
small lymphocytes is in most cases diagnostic of 
tuberculous peritonitis. It is not possible to con- 
firm this impression with the available data, 
but it is possible to state that such a picture is not 
a necessary part of the diagnosis. A recently pub- 
lished monograph |/9) on cytology of serous 
effusions cites three Cases, two in which there was 
“a considerable lymphocytic predominance” 
and a third in which “neutrophils and lympho- 
cytes occurred in approximately equal num- 
bers.” Until more data are available, one may 
tentatively conclude that an ascitic fluid which ts 
consistently shown to contain more than 20 per 
cent of polymorphonuclear cells is not likely to 
indicate tuberculous peritonitis. 

One of the disturbing pitfalls in the diagnosis 
of tuberculous peritonitis is the fact that repeated 
bacteriological examination of the ascitic fluid 
may be negative, a circumstance well known to 
previous authors |3,/). In this series the correct 
diagnosis was never unequivocally established by 
visual identification of acid-fast organisms in 
smears of the ascitic fluid, despite twenty 
individual attempts to do so. Thirty-three 
guinea pigs were inoculated with separate 
ascitic fluid specimens from twenty-one patients. 
In four cases the pig died prematurely of non- 
tuberculous bacterial infection. Eight fluids, 
representing seven patients, were reported 
as negative for tuberculosis. Thus, of the guinea 
pigs who survived inoculation long enough for 
the disease to develop, it failed to do so in 28 
per cent. This is not surprising in view of the 
generally recognized fact that the tubercle 
bacillus can be demonstrated in less than half the 
cases of tuberculous pleural effusion. 

The experience with Mycobacterium tuber- 
culosis culture in test tube medium was even 
more disappointing. Of twenty cultures 60 per 
cent were reported negative. Nevertheless, in 
four instances a culture was positive when the 
response in the guinea pig was negative, and 
five times the culture was negative when the 
response in the guinea pig was positive. It 
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therefore appears desirable to continue to use 
both methods for detection. 

These data amply demonstrate that tuber- 
culous peritonitis may well be present in a 
distended abdomen which yields fluid that is 
physically, chemically, microscopically and 
bacteriologically within normal limits. It would 
seem that the widespread practice of labelling 
such fluids **benign” is unjustified and may lead 
to a dangerously false sense of security. 


REPRESENTATIVE CASE REPORTS 


The following cases were chosen for presenta- 
tion because among them they illustrate many 


of the pitfalls encountered in the recognition of 


tuberculous peritonitis. 


Case 1. A forty-four year old obese, mildly 
diabetic woman was first admitted to the hospital 
because of epigastric pain and gaseousness of three 
months duration. Gastrointestinal series revealed an 
ulcer on the lesser curvature for which she underwent 
gastrectomy. At surgery a single gallstone was pal- 
pated, but exploration revealed no other abnormality. 

During the ensuing vear she had a cholecystectomy 
and was hospitalized on three occasions for *post- 
gastrectomy syndrome,” hepatic decompensation 
attributed to “cirrhosis and draining abdominal! 
sinuses (not examined for acid-fast bacilli). She 
persistently denied any intake. A liver 
biopsy specimen revealed “non-specific fibrosis.” 

Over the following six months four paracenteses 
revealed specific gravities in the range 1.008 to 1.010; 
one cell count was 420 white blood cells per cu. mm., 
all **monocytes and epithelial cells”; another time it 
was 90 white blood cells per cu. mm. with 60 per 
cent “monocytes” and 40 per cent “lymphocytes.” 
The total protein ranged from 1.8 to 2.4 gm. per cent. 
One injected guinea pig “died in twenty-four days 

no diagnosis, one “‘died in two weeks,” one 


alcoholic 


was negative, and one sull unreported at the time of 


her final admission. Her chest roentgenograms re- 
mained within normal limits. She had a persistent 
low grade fever, and her recurrent ascites and periph- 
eral edema responded intermittently to the adminis- 
tration of diuretics and salt restriction. Although for 
months she complained bitterly of generalized 
abdominal pain and tenderness, the bowel sounds 
remained normal. A psychiatric consultant diagnosed 
mid-life depression with “grief and guilt reaction” 
over her husband's death one and a half years before, 
leading to complete anorexia and starvation. 

On her last admission (eighteen months after her 
first), a guinea pig inoculated more than six weeks 
before was reported positive for tuberculosis. She 
was transferred to a sanitorium for the care of extra- 
pulmonary tuberculosis where, despite the insti- 
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tution of specific therapy, she died. No autopsy was 
performed. 


Neither persistent abdominal pain nor devel- 
opment of postoperative fistulous tracts in an 
abdominal wound nor severe recurrent ascites 
sufheed in this instance to raise a suspicion of 
tuberculous peritonitis. In the absence of fever 
or a strikingly abnormal ascitic fluid, and in the 
face of repeated failure of ascitic fluid inocula- 
tions to infect a guinea pig, the proper diagnosis 
was made too late. The normal chest roentgeno- 
grams and minimal amount of fever for many 
months were probably thought to make tuber- 
culous peritonitis a highly unlikely diagnosis. It 
is of interest that the ascitic accumulation was 
retarded or diminished somewhat by bed rest, 
and the administration of a low salt diet and 
mercurial diuretics. 

Case u. A thirtv-one vear old woman was 
admitted because she had had a tever for ten davs 
No cause was found. The fever, which was unaccom- 
panied by any other symptoms of note, disappeared. 
She remained well unul sixteen months later when 
daily spiking fever recurred, with three weeks ol 
gradual abdominal swelling and diarrhea. There was 
leukopenia, and a roentgenogram of the gallbladder 
suggested the presence ol a non-opaquec stone Bone 
marrow culture was negative tor tuberculosis. A 
barium enema was read as sugeestive of ulcerative 
colitis, and for a time this was entertained as the cause 
of the fever unul Salmonella newington was grown 
from a stool specimen. Serious consideration was 
being given to a therapeutic cholecystectomy on the 
assumption that the gallbladder was the nidus of 
chronic infection with salmonella when a mass was 
discovered in the right lower quadrant which was 
tender and which was thought possibly to represent 
a perforated regional ileitis although tuberculosis was 
also considered. At surgical exploration the peri- 
toneum was studded with tubercles. Although ascitic 
fluid removed by subsequent paracentesis was 
reported as positive in the guinea pig, the fluid 
removed at the ume ol suruery Was negative, The 
patient was treated with antituberculous chemo- 
therapy with apparent cure. 


In this patient, disseminated tuberculosis 
finally manifested itself as peritonitis with ascites. 
It was diagnosed by exploratory laparotomy 
which was astutely undertaken in the presence 
of two “red herrings.” 


Case m. An eighty-seven year old Japanese man 
was admitted because of leg, abdominal and scrotal 
swelling of three weeks’ duration. Ascitic fluid was sent 
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for acid-fast culture and guinea pig inoculation, but 
no report was received before discharge. He was 
assumed to be in heart failure because, although there 
was no clinically apparent elevated venous pressure, 
there was a 25 pound weight loss while receiving 
digitalis and mercurial diuretics. There was a short- 
lived bout of fever with a temperature of 102°r., 
no cause for which was evident, and a chest film 
revealed no abnormalities. He was readmitted little 
more than a month later emaciated and cyanotic, 
with clubbed fingers. Although the venous pressure 
was normal, heart failure was still assumed to be the 
likely cause of the ascites and peripheral edema be- 
cause of the apparent weight loss following adminis- 
tration of digitalis and diuretics on the previous 
admission. Metastatic malignancy and cirrhosis of 
unknown etiology were also mentioned as possible 
diagnoses. An interpreter was told that the patient 
had never induleed in alcohol. He died on the sixth 
day before receipt of a report from the laboratory to 
the effect that an ascitic fluid mycobacterial culture 
planted at the time of the previous admission was 
found to be positive 


Metastatic malienancy. cirrhosis and heart 
failure came to mind as possible causes of 
ascites, but even though there was never any 
clinical evidence of an clevated venous pressure, 
the latter was nonetheless assumed to be tts 
etiology because the distention diminished alter 
treatment with digitalis and diuretics. Ascitic 
fluid was inoculated into mvcobacterial culture 
medium as a part of the “routine” workup but 
the patient died before the correct diagnosis was 
evident. 


Case tv. A sixty-five vear old chronic alcoholic 
woman was admitted because of abdominal pain and 
fever. She had had the beginning of abdominal pain 
and swelling one and a half vears before, at which 
time a liver biopsy specimen demonstrated cirrhosis 
with fatty infiltration. For a year before admission her 
appetite had been poor, and a doctor prescribed 
maintenance prednisone as a “tonic.” Two months 
before admission she began to have fever daily. She 
was obese, jaundiced, and had all the usual stigmas of 
cirrhosis. A white patch was seen in one fundus oculli. 
No tenderness was noted on abdominal examination. 
She was assumed to have cirrhosis of the alcoholic, 
with ascites and impending coma. The total white 
blood cell count was more than 20,000 per cu. mim. 
with a lymphopenia. The ascitic fluid contained 180 
white blood cells per cu. mm., 90 per cent of which 
were lymphocytes. Because of the persistent fever, 
miliary tuberculosis was considered. An OT test was 
positive at 1:10,000, but no evidence of active 
tuberculosis was uncovered. After six weeks she was 
transferred to a chronic disease hospital. The diag- 
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noses at discharge were Laennec’s cirrhosis and 
“fever of unknown origin probably due to liver 
necrosis.’ She died at the chronic disease hospital 
within less than a month, and at autopsy was shown 
to have tuberculous peritonitis as well as Laennec’s 
cirrhosis. It was only after her death that tuberculosis 
was found to have developed in the guinea pig which 
had been inoculated with ascitic fluid at the time of 
her last admission to Boston City Hospital. 


Abdominal pain as a chief complaint in a 
patient with cirrhosis of the alcoholic, who had 
been receiving cortisone, had a whitish fundal 
exudate, persistent fever, and chiefly lympho- 
cytes in the ascitic fluid, should have sug- 
gested the possibility of coexisting tuberculous 
peritonitis. 


Case v. A fifty-four vear old woman, a chronic 
alcoholic, was admitted because she had had ascites 
for two months and pain in the left upper quadrant. 
She had spider angiomas with tense ascites and a 
prominent venous pattern over the abdomen. Liver 
functions were markedly deranged. The ascitic fluid 
contained 25 white cells per cu. mm., all lymphocytes. 
and its specific gravity was 1.008. Chest film showed 
“peri-bronchial infiltration.” The possibility of 
miliary tuberculosis was considered strongly because 
of daily fever with temperatures between 100° and 
100.4°r. Gastric aspiration, bronchial aspiration and 
two bone marrow specimens were negative for tuber- 
culosis by guinea pig inoculation; a biopsy specimen 
of a scalene node was histologically within normal 
limits. The ascitic fluid was negative both in the 
guinea pig and in special culture medium. The dis- 
charge diagnosis was Laennec’s cirrhosis with ascites. 
She was readmitted three and a half years later with 
marked recurrent ascites, all the usual stigmas of cir- 
rhosis, hyponatremia and remitting and exacerbat- 
ing coma. She was considered to have typical cirrhosis 
and was transferred to a metabolic ward for the 
study of ascites formation. During much of her course, 
but not all of it, she had a daily oral fever with spikes 
in temperature to about 100° and at times 101°F. 
The possibility of tuberculous peritonitis was raised 
several times but was considered unlikely because 
a single ascitic fluid inoculation into a guinea pig was 
negative. She died eight months after admission. Post- 
mortem examination disclosed tuberculous peritonitis 
and acute tuberculous pneumonia as well as fatty 
nutritional cirrhosis. Only after death was an ascitic 
fluid taken six weeks before death found to have been 
positive for tuberculosis in the guinea pig. 


Miliary tuberculosis as a coexisting disease was 
given serious consideration but despite numerous 
tests this diagnosis could not be established and 
cirrhosis was assumed, therefore, to account for 


the entire clinical picture. The ascitic fluid 
became bacteriologically test-positive too late to 
be of use. In retrospect, persistent fever and 
prominent abdominal pain were the clues to the 
presence of tuberculous peritonitis. 


CASE V1. A Vvear old Negro man who 
had been a chronic alcoholic for many vears had had 
a previous admission for gastritis and hematemesis 
On admission he was severely jaundiced, with 
markedly deranged chemical findings indicative of 
liver disease and a slightly distended abdomen with- 
out obvious fluid. His course was puzzling because 
although his jaundice cleared over a period of several! 
weeks he ran a daily spiking fever with a temperature 
as high as 104°r. on occasion. although the chest 
roentgenogram did not show any abnormalities, and 
blood and urine cultures remained negative. Gross 
hematuria developed. Ascites became evident three 
months after admission. and the ascitic fluid was 
found to contain a predominantly mononuclear 
exudate. He became extremely weak and cachectix 
Miliary tuberculosis with tuberculous peritonitis was 
considered highly possible and an exploratory 
laparotomy was performed. Omental Ussue contained 
granulomas, although the open liver biopsy revealed 
no tubercles. It was only later that the ascitic fluid 
was reported to.be positive for tuberculosis in the 
guinea pig, but in the meanume triple anti-tuber- 
culous therapy had been instituted. Over a period of 
several weeks he began to feel stronger and the tem- 
perature approached normal. He was then trans- 
ferred to a tuberculosis sanatorium. At least three 
sputums, several gastric fluids and twenty-four-hour 
urine collections were negative in the guinea pig. 


This instance of abdominal tuberculosis in a 
patient with cirrhosis illustrates the difhculty 
of diagnosis. Exploratory laparotomy 
lished the correct diagnosis and resulted in prompt 


estal- 
treatment. 


Cask VU. 
noted abdominal swelling for six weeks. On examina- 
tion he had al! the stigmas of cirrhosis. and soon after 
tremens developed. He was 


A filty vear old chronic alcoholic had 


admission delirium 
slightly jaundiced. Because he was believed to have 
typical cirrhosis, he was transferred to a metaboli 
ward for detailed studies of “ascites and protein 
metabolism.’ While on the metabolic ward he had 
recurrent massive ascites and was tapped many times 
He died delirious, disoriented, in pulmonary edema, 
seven and a half months after admission. The final 
clinical diagnoses were cirrhosis and pulmonary 
edema. At postmortem examination the peritoneal 


cavity was full of tluid in which there floated specks of 


fibrin; the intestinal serosa was dull grey and covered 
with fibrin; loops of intestine were interadherent; and 
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the omentum, greater mesentery and parictal peri- 
toneum were all studded with tubercles. The im- 
mediate cause of death was bronchopneumonia. He 
had cirrhosis. a few tubercles in the lung, under the 
splenic capsule, in the intestinal wall under the serosa, 
in the peripancreatic fat, and in the liver 


AND CONCLUSIONS 


Tuberculous peritonitis has been en- 
countered at least forty-seven times by a medical 
unit of a municipal hospital, and with unabating 
frequency during the past twenty-five vears. It 
was likely to go unsuspected, especially in 
patients who also had cirrhosis 

2. Study of the svmptomatology and physical 
findings demonstrated that abdominal pain, 
lever, or abdominal tenderness elsewhere than in 
the right upper quadrant in a patient who has 
cirrhosis with ascites should serve to raise the 
suspicion of coexisting disease, of which tuber- 
culous peritonitis ts one possibility, 

The “doughy abdomen” was found to be a 
rare and unreliable sign of tuberculous pert- 
tonitis. On the contrary, distention of the ab- 
domen with obvious ascites was character- 
istically present. 

The absence of physical or radiologic evidence 
ol pulmonar, tuberculosis was by no means 
inconsistent with the diagnosis of peritoneal 
tuberculosis. 

3. The ascitic fluid is 
chemically and bacteriologically within normal 
limits, but when there are more than 2.5 @m. per 
cent total protein or more than 250 leukocytes 
mm. one should consider tuberculous 


particularly 


often physically, 


per cu. 
peritonitis a distinct 
when the per cent of polymorphonuclear cells ts 
low. The persistent finding of more than 30 per 
cent polymorphonuclear leukocytes makes tu- 


possibality, 


berculous peritonitis an unlikely diag oosts. 

Nearly one of every three asciuc fluid inocula- 
tions into guinea pigs was negative for tuber- 
culosis, and more than half of the attempted 
mycobacterial cultures were negative. Because 
either was sometimes positive when the other 
was negative, there is reason to do both when the 
disease is suspected. 

4. In some cases exploratory laparotomy was 
the only means by which it was possible to 
establish a proper diagnosis within a reasonable 
time. 

5. The two most common reasons for missed 
diagnoses were (1) not considering its likelihood 
because the ascitic fluid was “benign” and 
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(2) attributing whole clinical pictures to single 
diagnoses. 
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An Experimental Malabsorption Syndrome 


Induced by Neomycin’ 


EuGENE JACOBSON, M.D., Ropert B. CHopos, and Wittiam W. FALooN, 


Syracuse, New 


REVIOUS reports from this laboratory |/,2) 
have implicated neomycin as the etiologic 
agent in the production of a fecal excretory 
pattern resembling that which is commonly 
observed in idiopathic steatorrhea. In 
studies large doses of neomycin given orally 
resulted in increased fecal excretion of total fat, 
free fatty acids, soaps, nitrogen and potassium. 
These findings returned to normal upon with- 
drawal of the neomycin. 

In view of the similarity 
changes and those noted in non-tropical sprue, 
the present study was undertaken to characterize 
further the nature of the malabsorption induced 
by neomycin. For this purpose plasma carotene 


these 


between these 


concentration has been used as a reflection of 


fat absorption while other absorptive parameters 
have been emploved to define the range of 
malabsorptive errors induced by neomycin. 
These included glucose tolerance, iron-59 ab- 
sorpuon, serum cholesterol and urinary excre- 
tion of p-xvlose and of cobalt-60 labelled 
cobalamin. 

These studies neomycin 
responsible for a reversible type of malabsorption 
which affects a variety of materials normalls 
absorbed from the small intestine. Although the 
significance of these findings in respect to the 
nutritional or therapeutic use of neomycin can- 
judged, it would appear that 


indicate that 


not be neo- 


mycin affords a useful technic for the study of 


malabsorption. 


METHODS 


The subjects were hospitalized patients without 
known gastrointestinal disease, except for three who 
had duodenal ulcer, three with hepatic cirrhosis and 
one with cholelithiasis. There were twenty-cight men 
and five women ranging in age from thirty-three to 
sixty-nine years. [he diagnoses and the studies per- 


formed are summarized in Table 1. Aloowether, fortw- 
live studies were completed on thirty-three subjects 
The patients were fed regular hospital or low salt 
diets and neomvcin was given as tablets or as a solu- 
tion, ? 12 em. of neomvein sulfate being administered 
and 


pectate” were given intermittently when necessary 


in three divided doses dailv. Paregork 
to amehorate the diarrhea which was produced by 

In the studies of plasma carotene, regular hospital 
diets were found by calculation wo contain between 
2.000 and 4,000 units of carotene per day and a sup- 
plement containing 10,000 units (6.000 ge) of 
beta carotene dissolved in peanut oil was provided 
each day. Six subjects were studied during three 
periods of six to nine days cach: control period, neo- 
mycin penod and postneomycin control period 
Plasma carotene levels were determined approxi- 
mately three times weekly by the method of Yudkin 3 

For comparison with the patients given neomycin 


three other subjects were given 25 em 


sulfate daily orally for an interval of one week. A 
fourth subject received 15 em. magnesium sullat 
and 30 cc. castor oil daily for sx davs 

The urinary excretion of p-xvlose following the oral 
administration of a 25 em. dose was measured in cieht 
subjects before the administration of neomycin and 
after nceomvain had been given for from three to sx 
days. In three subjects the test was repeated at inter- 
vals of one or two weeks after withdrawal of neomycin 
The method of Roe and Rice was emploved to meas- 
ure the five-hour urine p-xvlose content | 7) 

In nine subjects serum cholesterol levels were 
obtained before the administration of neomvein and 


at the end of six days of neomycin therapy. A modified 


t Generously supplied by The Upjohn Company, 
Kalamazoo, Michiwan, as Muycifradin Sulfate. The 
tabiets contained 0.35 em. neomvaon hase per 5 em 
tablet. The solution was prepared from a powder con- 
taining cither 66.7 or 50 per cent neomycin base. Hener, 
12 em. of neomycin sulfate represented 6 to 8.4 em. neo- 
mycin daily. All preparations gave approximately the 
same effect 


* From the Department of Medicine, Upstate Medical Center, State University of New York, University Hospital 
and Veterans Administration Hospital, Syracuse, New York. This work was supported in part by grants from the Na- 
tional Institute of Arthritis and Metabolic Diseases (A-1744 GM) and The Parke, Davis and Company. 
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Taner 
STUDIES IN SE RIJECTS GIVEN 


Subject Diag moses . 

A. D hice tases 

He one hice tases 

Pulmonary tuberculosses 

Cervical vertebral evn- CA.GTHI 
drome 

or Multiple ec lerose CA 

Cervical vertebral CA 

(cardiac 

vit Mieningioma and cranmmt- CA 

Multiple sclerosis CA 

K Carcinoma BK... Chal 

Mil Carcinoma Chol... GT] 

LN Hepatic cirrhosis Chol... GT] 


By». Cheol Il 


ardial infarc toon 


Hepatic currhosss Chol... GTT 
nmal uleet By. Chel 
Cervical vertebral evn- 
drome 
d-X 
Cardiac Laure d-N 
i. ( “taracts 
P. Mf ulcers d-N 
Coronary artery (heal 
1. P (swonary artery (hal 
Ne oy (hel 
> A trates Fe 59 
Kheumatic heart dee ace Fe 59 
Fe 59 
itt bever of unknown etroloew Fe 5° 
Cardiac ftadure be 5° 
\ngina pectore Fe 5° 


@ Carotene absorption 
= Schilling test 
d-N exeretion (urmary) 
Chal. = serum cholesterol 
be 5° radioactive iron absorption 
Gil «= glucose tolerance test 


Female 


Schoenheimer-Sperry method for the determination 
of free cholesterol in the serum was used | 5). 

Plasma radioactive iron curves were carried out in 
the fasting state in six subjects following the ingestion 
of a solution containing 20 we. of iron-5° as ferrous 
citrate and 25 me. of carrier ferrous sulfate. The values 
were expressed as counts per milliliter of plasma as 
measured in a «intillation well-counter. Prior to the 
administration of the iron-5°9, a serum iron value was 
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Fic. 1. Plasma carotene changes during the administra- 
tion of neornvyecin. 


obtained using the method of Kitzes, Elvehjem and 
Schuette [6|. The plasma iron curve was obtained 
prior to the administration of neomycin and repeated 
directly following a three- to six-day course of neo- 
mycin. In all determinations the patient was studied 
at rest in the fasting state. 

In six patients glucose tolerance curves were deter- 
mined at intervals before and immediately after four 
to seven days of neomycin therapy. Repeat glucose 
tolerance tests were obtained in two of these subjects 
one week after neomycin therapy had been discon- 
tinued. Plasma glucose levels were determined by the 
methods of Somogyi |7| in four patients (M. H., 
E. A. P., C. B., R. L.) and Benedict (8) in two patients 
(J. A. S.. A. J.), the same method being used for 
subsequent studies on any given subject. 

The urinary excretion of vitamin B,,. was measured 
im six patients by the technic of Schilling, Clatanoff 
and Korst || using a forty-cight-hour urine collection. 
Studies were conducted before and just following an 
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Fic. 2. Plasma carotene changes during the administration of eullate 


interval of five to cight days of neomycin therapy 
Urinary cobalt-60 vitamin B,,. was determined using a 
scintillation well-counter. 


RESULTS 


Carotene. In all six patients studied, a fall in 
plasma carotene concentration occurred during 
the administration of neomycin. (Fig. 1.) This 
decrease ranged from 32 to 50 per cent of the 
maximum concentration observed in each pa- 
tient before treatment, and the degree of fall 
was accentuated by the fact that a rising con- 
centration was observed prior to the admuinistra- 


JS 
PLASMA 
CAROTENE 9. (25% DECREASED 
pgm 
40- 
Jenewa every 2-3 oars! EVERY 2-3 Oars 
4 8 2 © 20 
DAYS 


Fic. 3. Plasma carotene changes during the administra- 
tion of castor oil and magnesium sulfate; 10,000 units of 
beta-carotene given daily throughout the study. 


tion of neomycin. In three sulnects the carotene 
concentrauon during the penod of neomvein 
therapy tell to borderline abnormal levels de- 
hberal intake of the 
neomvean was withdrawn, the carotene levels 
showed no further fall or resumed the rising 
trend noted in the first control period 
By contrast, the effect of catharu 
upon plasina carotene was not marked 


spite 


agectits 
patients to whom magnesium sullate was given 
exhibited no decrease in Carotene concentration 
(Fie. 2), and the subject receiving magnesium 
sulfate and castor oil showed a tall in carotene 
concentration which was less than that seen with 
neomvein. (Fie. 3.) 

p-\y/ow. Urinary excretion of p-xvlose was 
lowered in seven of cight sulyects during neo- 
mvcin administration. (Fie. 4.) Three of these 
had urinary excretion values during the period 
of neomycin administration which were below 
the range of normal. The urinary p-xviose 
excretion was again determined in two sulyects 
one week after discontinuance of neomvein and 
in one subject at one- and three-week intervals 
following withdrawal of the drug. The effect 
of neomycin was reversed in two of these three 
subjects upon cessation of treatment but per- 
sisted for at least three weeks in the third pa- 
tient. (Fie. 4.) 
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4 Lifeet of neomvein upon the urinary exeretion of p-xvlose (control 
mean = em. SDD SE. +0.49 


Neomvyein mean = 2.5 em... 
Si) = 0. +6.46. p value 
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(-3 %) 
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4, 


5. Effect of neomycin administration upon serum cholesterol levels. 


URINE 
RECOVERY _ 
OF (2) 
XYLOSE 
gms 
URINE 
RECOVERY «¢ 
OF 
XYLOSE 
gms 
S GEF ORE 
NEOMYCIN 
CURING 
Ar 
NEOMYCIN 
( »WEEKS 
0S. FL. OL. Lo PM. 
PATIENT 
SERUM 
JHOLESTES 
CONTRO: 
PATIENT 
1960 


Malabsorption Syndrome due to Neomycin 


Jacobson et al. 


SA 
COUNTS 
PER 


PER 
mi. PLASMA 


(151) 


eT 


MINUTES 


Ec 

COUNTS 
PER 

MINUTE 
PER 


mi. PLASMA'9°- 

BEFORE 
NEOMYCIN 
AFTER 


NEOMYCIN 


MINUTES 


lron-59 absorption before and on the last da. of the noomvan Note dectcase mm 


bic. 
absorption in these four patients hiwures in 
wi. 
500- 
COUNTS | 
PER 400- a 
| 
PER 300- 7 
(3 
1+ 
BEFORE A 
i20 240 MO 120 240 
MINUTES 


two patients. 


Fic. 7. Iron absorption before and during neomycin therapy. Note increase in absorption im these 
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Fi. 8. Effect of neomycin administration upon glucose tolerance. 
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Fic. 9. Effect of neomycin administration upon urinary exerction of Co* vitamin By, (control mean = 26.3 per cent, 
S.D. = +7.7,5.E. = +8.5. Neomycin mean = 19.5 percent, S.D. = +8.4,5.E. = = <0.1). 
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TasBLe u” 
COMPARATIVE ARSORPTION DEPELCTS 


Non- 
mvcin 
Defect tropical 
Spruc 
drome 
Steatorrhea (fatty acids and soaps 
Azotorrhea 
Increased stool calcium : 
Increased stool potassium 
Decreased plasma carotene 
Decreased urinary cobalamin excre- 
Decreased iron absorption 
Impaired glucose absorption 
Decreased urinary b-xylose excretion 
Decreased serum cholesterol 
Positive nitrogen balance 
Increased stool sodium 


* See reterences 1, 2. 10 and 11 


Cholesterol. The serum cholesterol values fell 
from pretreatment levels in seven of nine sub- 
In five 


of these seven the decrease exceeded 20 per cent 


jects when neomycin was given. (Fig. 5. 


and in a sixth subject was 19 per cent. 
Ab sorption. 
iron concentration at 
following the ingestion of iron-59 labelled fer- 
rous citrate were diminished in four of six 
subjects at the end of the period of neomycin 
administration as compared with the control 
measurements. (Figs. 6 and 7.) Two subjects who 
did not exhibit lowering of plasma iron con- 
centration curves (Fig. 
initially low serum iron levels. None of the 
subjects were anemic. One patient (E. T.) ap- 
peared to exhibit a delayed peak level while 
receiving neomycin. 
Glucose Tolerance. 


Curves of plasma radioactive 


selected time inter. als 


7) were found to have 


Marked lowering of glucose 
absorption during neomycin administration 
occurred in four of six subjects. (Fig. 8.) Three 
of these four (A. J., E. A. P. and R. L.) had 
flat absorption curves when neomycin was given, 
and the fourth (C. B.) had a normal absorption 
curve during neomycin treatment although his 
control curve was diabetic in type. Of the two 
subjects not exhibiting marked lowering of 


absorption curves when neomycin was admin- 
istered, one (J. S.) had a slightly lowered curve 
in the neomycin period which was not diabetic, 
while those obtained before and after the test 
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period achieved peak values which were in the 
diabetic range. 

in whom cobalt 60-labelled vitamin B,. ab- 
sorption was studied demonstrated decreased 
urinary excretion of vitamin B,. while receiving 
neomvecin. (Fie. 9.) In oo of these (R. L. and 
M. H.) the urinary excretion was less than half 
of the control value In sul nee did the urinary 
excretion of vitamin B, approach limits con- 
sidered patholoewx 


Four of the six sulyects 


NTS 


The simuilarits 
and the svndrome associated with the adminis 


between non-tropical spruc 


tration of neomvecin ts striking, as can be seen 
from lable u In both svndromes there are 
varving degrees of interterence with the absorp- 
tion of a laree variety of essential nutrients. The 
absorptive errors demonstrated in these studies 
would sugegest that the alsorptuion of o her sub- 
stances probably is also inhiluted. As demon- 
strated by the prompt changes in carotene levels, 
if appears that the eflects of neomvoamn are 
rapidly evident and furthermore are reversible 
In Mist patients within a few davs 

lhe variety ol albsorpuve induced 
neomvein do not, of themselves, detine§ the 
precise mechanism of its action. Several possible 
wavs in which the drue could act imclude 
hv permoulits ol the bowe! allowing 
cent time tor absorption, (2 alteration in types 
or numbers of bacteria within the small bowel, 
with intracellular 
inflammators changes in) 


mucosal cells with physical blockage of absorp- 


(3) interference mucosal 


enzvime svsterms. (4 


tion and (5) combinations of several mechanisms 

Diarrhea is an extremely common side cffect 
of neomycin therapy, even in doses smaller than 
those used here, and probably reflects general 
acceleration of the passage of materials through 
the small and large bowel. This hypermoulity 
alone might account for decreased absorption 
per unit time, with no actual impairment of the 
mucosal absorptive mechanisms. That castor oil 
is capable of causing malabsorption has been 
reported clsewhere |/2) and is suggested by the 
observations in one of the subjects (J. LS.) in 
this study. However, evidence of malabsorption 
also was found in occasional patients who were 
constipated during periods of neomycin inges- 
tion. Furthermore. the failure of magnesium 
sulfate to affect absorption of carotene in the 
face of severe diarrhea suggests that hypermotil- 
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ity per s¢ ts not the major factor in the production 
ol carotene malabsorption 

Neomycin may induce malabsorption through 
its marked effect upon the bacterial flora in the 
intestine. In the dosage given in this study 
neamvem has been reported to inhibit bacterial 
erowth almost completely, as determined by 
stool culture |/3.. Diarrhea has also been ob- 
served following the oral administration of other 
antiinotics and has been atuiluted to changes 
in bacterial flora. These agents, however, have 
not been found to produce steatorrhea | /7-/6). 
Another form of intestinal malabsorption, which 
is presumed to be caused by alterations in the 
composition of the @ut flora, is seen in the “blind 
loop sndrome (Correction al this absorptive 
detect occurs with the adminmtration of chlor- 
amphemeo! but not with the administration of 
neomvein In this situation it appears that 
the use of neomvoern may be tantamount to 
substituting one tvpe of malabsorption tor 
another. Furthermore, the bacterial content of 
the small bowel is normal in tropical sprue and 
celiac disease | /9 

I he sree tial Processes imvolved in absorp- 
tion could be affected by neomvein by direct 
interference with the lnochemical function of 
the mucosal cells. In this sense neomvein could 
be considered to act as an enzyme poison. On 
the basis of available evidence this thesis is 
as unprovable as it is attractive. Furthermore, 
this would hypothesize that neomycin acts on a 
number of enzvime svsters in order to account 
lor its widespread malal»eorptive effect, and it 
would not explain the alulity of the drug to 
unpede the transfer of such relatively freely 
diffusible materials as electrolytes |Z). 

Another explanation for the mechanism of the 
experunental malabsorption produced by neo- 
mvemn ws that the antilmotic exerts a direct 
inflammatory cflect on the small intestinal 
mucosa rendering it less permeable to the pas- 
sage of foodstuffs. That it does cause diarrhea 
and hypermotility is evident, and it probably 
does so in a manner analogous to that of irritant 
cathartics like castor oil. If this hypothesis is 
tenable, iu could be anticipated that jejunal 


lnopsics should show diffuse inflammatory 
changes carly in the course of neomycin-induced 
inalabsorption. 


In the absence of strong evidence supporting 
ether hypermotlity, enzymatic poisoning or 
bacterial alteration, and with some evidence 
against cach of these hypotheses, the most likely 


1960 


explanation of these findings appears to be 
inflammation of the jejunal mucosa. 

Our experience with the technics used herein 
to define the action of neomycin on absorption 
indicates that carotene absorption is the most 
sensitive qualitative method of evaluating 
neomycin effect and parallels the marked 
steatorrhea that neomycin initiates | /|. Condi- 
tioms that could conceivably interfere with the 
validity of the results in this tvpe of investigation 
include myxedema and jaundice |20|. None of 
these were noted in the subjects used in this 
study. These studies also indicate that the 
response to neomycin, as measured by daily 
carotene levels, occurs within twenty-four to 
forty-eight hours. Following the cessation of 
neomycin administration, however, a lapse of up 
to five days may occur before the neomycin 
inhibition of carotene absorption has subsided 
sutheiently to allow the supplemental carotene 
intake again to produce a rise in the plasma level. 
Lastly, it would appear that the blockage of 
carotene uptake from the gut by neomycin must 
be nearly total. If an individual is deprived of all 
carotene for one week, his plasma levels will 
approach abnormal limits |20|. A week-long 
course of neomycin in these studies was sufhcient 
to lower normal pretreatment levels to border- 
line values in half the subjects despite the use of 
carotene supplements, thus indicating the 
severity of the carotene absorptive error pro- 
duced by the drug. 

Although the average excretion of p-xylose 
during the administration of neomycin is not 
significantly different from the excretion during 
control periods in the same patients, the changes 
observed in individual patients is great enough 
to indicate a real effect upon absorption. Such 
factors as duration of exposure to neomycin and 
individual resistance to its effect must be con- 
sidered. Furthermore, it should be emphasized 
in regard to such other absorption parameters as 
vitamin By, iron and cholesterol, as well as 
p-xviose, that marked individual variation in 
occurrence and severity of the absorption errors 
is commonly observed in non-tropical and tropi- 
cal sprue [7/,27). 

It was anticipated that serum cholesterol levels 
might be lowered by a course of neomycin, inas- 
much as the drue@ causes marked steatorrhea 
and serum cholesterol levels have been observed 
to be depressed in tropical sprue |2/|. The 
significance of change observed, however, de- 
pends upon the variation inherent in cholesterol 
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determinations and the spontaneously occurring 
changes in cholesterol levels encountered in any 
one patient. The method emploved for choles- 
terol for these studies has been found in our 
hands to have a reproducibility of 10 per cent. 
It was therefore concluded that a decline in 
serum cholesterol of less than 20 per cent would 
not be considered significant in this study. A 
further deterrent to emphasis of these cholesterol 
alterations is our observation that patients 
receiving regular hospital diets frequently tend 
to exhibit some degree of fall in serum cholesterol 
with time. 

The use of plasma iron concentrations as a 
parameter of absorption is open to the serious 
limitations imposed by the several factors 
other than absorption which control the plasma 
iron level |22|. These factors, which were all 
free variables in this study, include plasma 
volume, bone marrow activity, body iron stores 
and plasma iron levels. These variables were 
minimized by the use of patients whose hemato- 
logic status was constant, each patient thus 
serving as his own control. 

The use of cobalamin excretion in the urine as 
a parameter of malabsorption ts limited by two 
factors: (1) many patients with naturally occur- 
ring malabsorption states have normal values 
when tested by this method | /8); (2) the error for 
successive urinary radioactive cobalamin deter- 
minations in normal subjects can be up to 25 
per cent | 23). 

The failure to find a statistically significant 
difference in the average absorption between the 
neomycin period and the control studies ts, 
therefore, not surprising. Once again, however, 
the magnitude of the change observed in at 
least half the subjects studied is suggestive of a 
real effect of neomycin. 

The therapeutic implications from this study 
are several. Neomycin is frequently used in the 
treatment of hepatic coma [/3), in the therapy 
of bacterial diarrhea and in preoperative prepa- 
ration of the intestine. In view of the short 
periods of neomycin administration, which are 
usually employed, the clinical significance of the 
malabsorption observed in these and previous 
studies cannot yet be assessed. The hazards of 
prolonged therapy, however, are perhaps indi- 
cated by these results. 

That neomycin diminishes the absorption of 
iron and cholesterol is suggested by these studies. 
Whether these actions of the drug bear impor- 
tant implications in the treatment of hemo- 
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chromatosis or hvypercholestcrolemia is not 
evident on the basis of the data presented. It is 
of note that small doses of neomvein have also 
been reported to produce sinificant decreases 
in serum cholesterol levels | 2/7). 

It would appear that neomycin provides a 
means for altering intestinal absorption which 
mav be of value in studies of intestinal function 


This compound is poorly absorbed from the 


and pseudomembranous enterocolitis asso- 
ciated with 


been observed with its use. The malalbsorptive 


infections has not 


errors which it induces appear to be corrected 
within a short time after its withdrawal. The 
possible relationship between this 
induced by neomycin and various malabsorptive 
states such as tropical and non-tropical spruce 
and celiac disease, however, is not clear. It 
should be possible to conduct turther studies of 
the mechanisms involved in these disorders with 


salety. 


SUMMARY 


In an attempt to characterize the eflect olf 
upon mtestinal absorption, alsorp- 


ive paramcters been cmploy ead plasma 
carotene, urmary D-xviose excretion, serum 
cholesterol, plasma iron-5°” curves, qlhucose 


tolerance and urinary excretion of Co**’-labelled 
Vitamin By 

In six patients 
carotene, the oral administration of neomycin 


receiving supplementary 
for six to erght days produced a marked decrease 
in plasma carotene concentration. ollowing 
withdrawal of the neomycin the carotene con- 
centration again rose. Comparison studies with 
magnesium sulfate catharsis were carried out in 
three subjects and revealed no fall in carotene 
levels. One subject receiving castor oil and mag- 
nesium sulfate showed a decrease in carotene 
levels which was less than that observed with 
neomycin, 

Iron-5° absorption curves during the adminis- 
tration of neomycin showed decreased albsorp- 
tion, in Comparison to control studies, in four of 
six subjects. 

The urinary excretion of Co*-labelled vita- 
min By was reduced by 20 to 60 per cent of 
control figures in four of six subjects, 

The urinary excretion of p-xylose after the 
oral ingestion of a test load decreased 35 per 
cent or more from control valucs in six of 
eight subjects during the period of neomycin 
administration. 
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In four of six subjects so studied, lowered 
glucose tolerance curves were observed: in three 
of these the curves became flat during the ad- 
ministration of neomycin. 

The serum cholesterol concentration fell 19 
per cent or more from control levels in six of 
nine subjects after five to eight davs of neomycin 
therapy. 

These findings indicate that neomycin is 
capable of producing a broad spectrum of 
inalalsorptive errors resembling those observed 
in idiopathic steatorrhea 
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The Differential Effect of Drugs on the 
Proximal and Distal Colon’ 


SIDNEY FINK. M.D. and GERALD FRIEDMAN. SLD. 


Paterson, New Jerse 


N recent vears the intraluminal pressures in 
| the normal rectum and sigmoid colon have 
been extensively studied by investigators using 
both balloon and open-tip recording technics 
J), but very little is known about the motility 
of the less accessible proximal colon, and the 
simultaneous motility of the two areas. The 
available data suggest that the proximal and 
distal halves of the colon respond differently to 
pharmacologic agents |2,3|, and that autonomic 
imbalance or disorder may be a basis for al- 
normal colonic function. After studving the 
normal phasic activity of the two sides of the 
colon, we attempted to document further the 
presence and nature of a differenual drug 
effect. This paper reports simultaneous pressure 
measurements made in two colonic segments 40) 
cm. apart, using a perforated polyvinyl tube 
connected to an external electrical transduce 
system. 


EXPERIMENTAL METHOD AND DESIGN 


Initially, pressures were recorded in the various 
colonic segments, noting the basal pressures, the 
phasic activity and the characteristics of the phasx 
waves. [he effects of various drugs upon the colon 
were then observed, using parasympathomimetic 
agents with different mechanisms of action, a para- 
sympatholytic agent, and 5-hydroxytryptamine. 
Methacholine (Mecholyl®), which is rapidly hydro- 
lyzed by cholinesterase and is basically similar in ac- 
tion to acetylcholine, was first employed. After obtain- 
ing a differential effect with Mecholyl, a cholinesterase 
inhibitor, neostigmine, was employed to confirm and 
further to define this differential. Bethanechol (Ure- 
choline®) was then selected, since this compound is 
relatively unaffected by the concentration of cholin- 
esterase at neuroeffector sites. Elorine® was employed 
to determine its efficacy in depressing normal phasic 
activity in different parts of the colon, and its ability 
to affect activity induced by Mecholyl and Urecholine. 
Finally, the effect of a drug of highly complex 


New . ) ot 


pharmac olowK nature, piamine (sero 
tonin) was observed 


MIE 


A modification of the polyvinyl tube described by 
Blankenhorn and his associates | /) was prepared in 
700 cm. lengths. A 40 em. section 200 cm. proximal 
to the mercury bag was made radiopaque by thread- 
ing with an Opaque suture, and the ends of this ection 
were marked by silver dura-clips. Three mm. lone 
oval windows were cut into the tubing immediatel 
adjacent to the clips, furnishing the openings through 
which pressure changes were recorded 

Studies were made in cleven women and tive men 
Dheir mean age was tiltv-live (lorty-coe to sixty-five 
vears. The subjects were free of clinical, radiological 
or laboratory evidence of gastrointestinal dicase. The 
polyvinyl tubc was passed through the mose, and the 
progress ol the tube through the intestinal tract was 
tollowed rocnigenographin alix until the mercurs 
bag was passed per rectum lhe bae was then cut off, 
and the end of the tube taped the nis 
tocks Pressure measurements were made alter a munt- 
mal interval of twelwe hours, during which time the 
patients became accustomed to the presence of the 
tubing. Measurements were taken for one and a hall 
to four-hour 
after lunch or breakfast. When the same subject was 
studied on two or more consecutive davs, measure- 
ments were taken at the same time on cach dav. The 
subjects did not receive cathartics, enemas or rectal 
examinations of any kind from the tome that the 
tubing was passed until after the studies had been 
completed. Immediately before the recordings, a 
plain film of the abdomen was taken. If the two 
windows in the tubing were not in the desired posi- 
tions in the colon, tubing was gently withdrawn trom 


below, under x-rav control, until they were in. the 


periods, Sarting one to two 


proper areas. (hig. 1.) 

The records were made with the subjects lying com- 
fortably on a cot. The wo ends of the tube were con- 
nected to Sanborn 267-A pressure transducers, and 
the system was perfused with distilled water. (Fig. 2.) 
The pressures exerted through the windows in the 


* From the Medical Division, Montefiore Hospital, New York, New York. 
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Fea. 1. Roentgenograms showing polyethylene tubes in position. Left, clips next to openings are in 


Ui 


as: 


cecum and deseending colon. Right, clips in transverse colon and sigmoid. 


tube were recorded by a Poly-\ iso recorder equipped 
with strain-gauge amplifiers. In an in citre experiment, 
the damping and delay of an § fr. tube 700 em. in 
length was determined by means of a series of svringe- 
induced rapid pressure changes. One limb of a Y tube 
was connected to a transducer through a 700 cm. 
length of tubing, while the other limb was connected 
directly to a second transducer. At the recording 
speeds used in this study (0.25 and 0.5 mm. per 
second) a maximal delay of one second was noted. 
Since the most rapid cyclic variations in pressure 


PLUG 


currently recognized as bowel contractions have a 
frequency of 1 per four to five seconds [7], the one 
second delay is not considered significant. When pres- 
sure changes were induced over an interval of more 
than four seconds, loss due to damping was less than 
8 per cent. 


RESULTS 
Pressure Changes During Control Periods. The 


pressure in the proximal colon was measured in 
twelve subjects for a total of fourteen hours. A 


TUBE THROUGH NOSE 


AWK cECAL PRESSURE RECORDING 


SIGMOID PRESSURE RECORDING 


TUBE FROM RECTUM 


Fic. 2. Technic for sirmultancously recording the intraluminal pressure from the proximal and distal 


colon. 
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TABLE ! 
THE EFFECT OF VARIOUS DRUGS UPON THE PRESSURE IN THE 
COLON 
Proximal Distal 
Drug Systemic (Colon Cok 
Effect Ltlect tlect 
Mecholv! (5 subjec ts 
5-10 mg. subcutaneously 2+ 24 None 
Mecholy! (3 subjects 
10-12.5 me. subcutaneous], 4- 4+ > tw 4-4 
Lrecholine (1 subject) 
5 mg. subcutaneously 2+ 
Urecholine (6 subjects) 
10 mg. subcutancously . . 44 4- 
Neostigmine (3 subjects) 
0.75 mg. subcutaneously l-+ 2+ Nome 


Neostigmine (2 subjects 

1.5 me. subcutaneously, + 
Serotonin (12 subject ) 

1.5 mg. intravenously, 4+ 
Elorine (6 subjects) 

10 meg. subcutaneously or intra- 


lepressed 


venousl\ Depressed Depressed 


marked variation in the number of 
waves per hour was noted in different subjects, 


phasic 


with waves present from 10 to 60 per cent of the 


time. [he majority of the waves lasted from ten 
to thirty seconds and occurred in an arrhythmic 
fashion. Other waves occurred in rhythmic 
sequences lasting from three to fifteen minutes, 
at rates varying from 3 to 6 per minute. The 


wave amplitudes ranged from 3 to 40 cm. of 


water, with a mean amplitude of 15 cm. The 
pressure changes in the left transverse colon, 
splenic flexure, descending and sigmoid colon 
were recorded for a total of sixteen hours in 
twelve patients. The phasic waves resembled 
those seen in the proximal colon, differing only 
in the rate of rhythmically appearing waves, 
which never exceeded 3 per minute. Pressure 
changes in the rectum were recorded in eight 
subjects for a total period of eight hours. The 
phasic activity of the rectum differed from 
that of the upper distal colon in that waves 
were present only about ten per cent of the 
time and, when present, were usually of longer 
duration (one to two minutes) and of greater 
amplitude (mean 25 cm.) than those recorded in 
the descending colon. 

It was found that activity in the proximal 
colon occurred independently of that in the 
distal colon, and that the converse was also true. 
It was not possible to correlate coincident or 
subsequent pressure changes in the proximal 
colon with changes in the distal colon, or to 
correlate waves seen in the left transverse colon 
with sigmoid or rectal waves. 


In all the subjects similar basal pressure values 
were noted in the proximal and distal colon, with 
a maximum difference of 1 to 2 cm. The basal 
pressures ranged from 8 to 12 cm. of water, with 
a mean value of 10 cm. The basal pressures did 
not vary during the baseline observation periods. 

The Effect of Drugs upon Intraluminal Pressure 
(Table 1). Injections of saline solution (1 cc. 
subcutaneously) were given ten minutes before 
the injections of the other drugs. These injec- 
tions did not significantly affect the records in 
any of our subjects. 

The comparative effects of Mecholyl were 
studied in the ascending and descending colon 
(four subjects), ascending colon and rectum 
(four subjects) and left transverse colon and 
rectosigmoid (three subjects). 

The systemic effect of Mecholyl (5 to 12.5 me. 
subcutaneously) varied greatly from subject to 
subject. When the sVstemc effect was mild, 
proximal colonic motility was definitely in- 
creased, but distal motilitv increased sliehtly 
or not at all. The effect upon colonic moulity 
was characterized by an increase in the number 
and amplitude of the phasic waves, which 
lasted for five to ten minutes. When the dose of 
Mecholy!] caused a severe systemic reaction, not 
only was the proximal colon stimulated but 
increased activity was registered also from the 
rectum in two subjects, and from the sigmoid 
colon in a third. (Figs. 3 and 4.) Mecholyl did 
not decrease phasic activity in any part of the 
colon in our subjects. The highest pressure 
recorded after the administration of Mecholy! 
was 70 cm. of water in the proximal colon, and 
95 cm. in the distal colon. 

Neostigmine, 1.5 meg., stimulated both sides 
of the colon when given to two subjects. In one 
subject, the effect of three different doses of 
neostigmine on the ascending and sigmoid colon 
was observed at the same time of day on three 
consecutive days. On the first day the sub- 
cutaneous injection of 0.75 me. of neostigmine 
increased the phasic activity of the proximal 
colon, but did not increase that of the distal 
colon. On the second day, 1.5 mg. of neostigmine 
stimulated both sides of the colon, and on the 
third’ day, 1 mg. of neostigmine stimulated the 
proximal colon, and had a slight effect upon the 
distal colon. (Fig. 5.) The colonic pressure 
changes were more gradual in onset than those 
seen after the administration of Mecholyl; they 
occurred from twenty to thirty minutes after the 
injections, and lasted for ten to twenty minutes. 
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Fic. 3. The effeet of 10 me. of Mecholyl on the cecal and sigmoid intraluminal 
pressures. Patient had a mild systemic reaction to this dose. (Bottom tracing is 


pneumographic recording. ) 


BP 100/go BP 90/60 
SALIVATING, SWEATING SWEATING 
30- CECUM PROFUSELY 


(mind 


Pia. 4. The effect of 12.5 me. of Mecholyl on the intraluminal pressure. Patient 
had a marked systemic effect from this dose. 


In five other subjects, injections of 0.75 and 
1 me. of neostigmine had little or no effect upon 
the sigmoid. 

The effect of Urecholine (10 me. subcu- 
tancously) on the ascending and sigmoid colon 
was observed in four subjects, and on the left 
transverse colon and rectum in two others. 
Urecholine consistently increased the phasic 
activity in all the areas tested. The injection of 
> me. in one subject caused a more moderate, 
equal increase in phasic activity on both sides 
of the colon. The amplitudes of the phasic 
waves corresponded to those demonstrated with 
Mecholyl. In addition, one subject had a rise of 
15 cm. in the cecal basal pressure, accompanied 


1960 
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by severe cramps and abdominal pain. Basal 
pressures in the other subjects were not affected 
by the administration of Urecholine or the 
other drugs tested. In two subjects continuous 
pressure recordings were obtained over a four- 
hour period during which the administration 
of 10 mg. of Mecholvl was followed, after one 
and a half hours, by the injection of 10 mg. of 
Urecholine. Both drugs strongly stimulated the 
proximal colon in each instance but the effect 
of Urecholine on the distal colon was greater 
than that produced by Mecholyl. 

The simultaneous effect of Elorine upon the 
two sides of the colon was observed in seven 
subjects. The subcutaneous or intravenous 


WECHOLYL 
> 
- RECTO-SIGMOID f 
We 
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35 MIN. AFTER NEOSTIGMINE, 0.75 mg. 8c. 


> 
(ah) 
© 
2 j 


35 MIN. AFTER NEOSTIGMINE, /.5 mg. $.c. 


CM. HzO 


f 


Fic. 5. The effect of two different doses of neostigmine, given twenty-four hours apart, on the same 


patient. 


administration of 10 mg. of Elorine depressed 
spontaneous motility and moulity induced by 
Mechoiyl and Urecholine. Upon questioning, 
two patients stated that their mouths felt dry 
after intravenous injection of Elorine. No other 
side-effects were noted. 

The effect of serotonin upon the ascending 
and descending colon was noted in five sub- 
jects, and in the descending colon and rectum 


INTRAVENOUS 
| SEROTONIN 
ASC. | 


Fic. 6. The effect of intravenous serotonin on the motility 
of the two sides of the colon. 


in. seven others. Rapid intravenous admuinistra- 
tion of 1.5 me. evoked a brief svstemic response 
characterized by a facial flush, constriction in 
the chest and coughing. Serotonin increased the 
phasic activity of the proximal colon and de- 
pressed that of the distal colon. (Fig. 6.) 
Serotonin stopped spontaneous distal colon 
moulity, and motility induced by the prio 
administration of neostigmine. In the latter 
instance, the end of the period of serotonin effect 
was sharply demarcated by the sudden return 
of neostigmine-augmented phasic activity 

Locus of Change in se. Measurements 
made with the tube opening in the transverse 
colon showed that diminished sensitivity. to 
Mecholy! began in the area immediately to the 
left of the mid-transverse colon. Figure 1 (right) 
shows the location of a tube during an experi- 
ment in which 10 me. of Mecholyl was given 
with marked systemic effect. Increased bowel 
sounds were heard, indicating increased activity 
elsewhere in the gastrointestinal tract, but the 
phasic waves were not increased at cither of the 
two recording sites. Openings in the left trans- 
verse colon also failed to register increased phasic 
activity in three other subjects to whom 5 to 10 
mg. of Mecholyl was given. 
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COMMENTS 


An ideal system for recording the activity of a 
gut scement should utilize an accurate, sensitive 
recording device which will not alter the activity 
of the area by its presence. Our use of thin, 
flexible tubing, the open-tip recording technic, 
and an external electronic recording system 
represents a Close approach to this ideal. The 
open tip makes possible accurate measurements 
without distention of the bowel, and complete 
transintestinal intubation by the thin tubes makes 
it possible to study any part of the bowel without 
the presence of fistulas. 

The waves recorded in the proximal colon 
correspond to the wave types t and u which 
have previously been described in the pelvic 
colon (5. Following the administration of 
cholinergic drugs a few iolated type tm waves 
were seen in the proximal colon; none were seen 
in records of spontaneous activity. Type tv 
waves, described in subjects with ulcerative 
colitis were not seen at anv time. 

subcutancous administration of Mecholy! 
in doses ranging from 5 to 10 me. evoked distinct 
proximal colonic activity, but had little or no 
effect on the distal colon. This differential effect 
was abolished when higher doses of Mecholvl 
(10 to 12.5 me.) were used. With these doses a 
marked systemic response occurred coincident 
with increased proximal and distal colonic 
phasic activity. The difference in effect of 
autonomic agents on the ascending and descend- 
ing colon suegested cither a difference in the 
number and tvpe of smooth muscle units, a 
difference in the concentration of cholinesterase 
(CHE), or other factors involving differences in 
reactivity to humoral sympathetic agents. Small 
doses of neostigmine stimulated the proximal 
colon but had no effect on the distal segments. 
Doubling the dose of neostigmine markedly 
stimulated both the proximal and = distal 
colon. 

Reviewing the two series of experiments, it is 
suggested that the concentration of CHE in the 
distal colon may be ereater than that of the 
proximal colon. The fact that Mecholyl in 
moderate dosage stimulated the right colon and 
not the left could be related to a higher con- 
centration of CHE on the left, allowing more 
rapid dissipation of Mecholy! effect. The use of 
small doses of neostigmine prompted stimulation 
of the proximal colon, perhaps by tying up the 
limited supply of CHE in that area, while the 


1960 


539 


same dose had little effect on the left colon, 
where an abundance of CHE may have been 
present. If this hypothesis is correct, cholineo- 
tropic drugs (acting directly on neuroeffector 
cells) should have a similar effect on both 
the proximal and distal segments. An equivalent 
stimulating effect on both the proximal and 
distal segments was repeatedly obtained with 
Urecholine, a drug unaffected by CHE. 

Kern et al. {2} have reported simultaneous 
motility tracings from the cecum and sigmoid 
of a patient with a transverse colostomy, using 
the balloon technic. Following the subcutaneous 
administration of 5 mg. of Mecholyl, these 
workers demonstrated augmented cecal activity 
and cessation of sigmoid motility. In a separate 
communication by these same authors |3] only 
two of sixteen patients receiving a continuous 
infusion of acetylcholine showed enhancement of 
distal colonic activity, while the other subjects 
showed equivocal or depressed distal colonic 
activity. We did not observe depression of distal 
colonic activity after the administration of 
Mecholy!. Depending upon the dose of the drug, 
motility was either unaffected or enhanced. 
Two factors may account for the apparent dif- 
ferences in these results: (1) A variation in drug 
effect due to differences in degree of sigmoid 
tone at the time of stimulation. In the reports 
cited, patients were fasted for six to twelve 
hours and prepared with several saline enemas 
prior to the administration of the drugs. No 
such preparation was given the patients in our 
study. (2) Possible interference by balloons with 
the venous return in the stretched area. It has 
been shown that stretching of the bowel may 
modify or even reverse the effects of stimuli [6]. 
No such interference could occur in our experi- 
ments employing thin polyviny! tubes. 

Balloon-kymograph studies have shown that 
Elorine is an inhibitor of sigmoid motility [7]. 
Our data confirm these findings and indicate 
that Elorine depresses proximal colonic activity 
as well. We noted no untoward reaction to the 
drug and its efficacy in depressing motility 
suggests that Elorine may be of clinical value. 

It is difficult to explain the action of serotonin 
in the light of present knowledge. Serotonin has 
been shown capable of both exciting and depress- 
ing jejunal motility (|8} and our data also 
suggest that the drug does not have a simple 
cholinergic or adrenergic effect on the bowel. 
Further studies of the effect of serotonin on the 
sigmoid, alone and in combination with cholin- 
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ergic, anticholinergic, and ganglionic-block- 
ading agents, appears indicated. 

Abundant anatomical data confirm earlier 
suggestions that the vagus supplies parasym- 
pathetic preganglionic fibers to the proximal 
half of the human colon, and that the nerve 
fibers arising from the second and third sacral 
nerves are distributed to the descending colon 
and rectum [9]. X-ray evidence suggests that the 
vagus innervated and sacral innervated colon 
are two functionally distinct units, with the point 
of demarcation in the area of **Cannon’s point” 
|70,77). It is interesting to note that our division 
of the colon into two areas based upon a differ- 
ence in reaction to drugs corresponds closely to 
the division made by the alleged “‘point”’ or 
“contraction ring.’ Our findings support the 
view that the colon should be considered com- 
posed of two segments, a proximal segment and a 
distal one, with the division in the transverse 
colon, at or close to the mid-line. 


SUMMARY 


Simultaneous intraluminal pressure measure- 
ments were made in separate colonic segments 
of sixteen human subjects. The amount and 
characteristics of the basal and phasic pressures 
in different parts of the colon are described. 
The effects of selected drugs upon the intra- 
luminal pressure are also noted. Small doses of 
Mecholyl and neostigmine selectively enhanced 
the phasic activity of the proximal colon, but 
did not affect the distal colon. Large doses of 
these drugs increased phasic activity in both the 
proximal and distal colon. Urecholine con- 
sistently increased both proximal and distal 
colonic phasic activity. Serotonin stimulated the 
proximal colon, but depressed distal colonic 
motility. Elorine depressed spontaneous and 
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drug-induced phasic activity in both areas. The 
difference in the effect of autonomic agents on 
the ascending and descending colon suggest 
that the concentration of cholinesterase in the 
distal colon is greater than that of the proximal 
colon. 
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Erythrocyte Dynamics in Liver Disease’ 
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Albany, New York 


COMPLETE understanding of the erythrocyte 
A dynamics of a particular disease requires 
knowledge of the rate at which red cells are 
produced, of the rate at which they are removed 
from the circulation, and of the balance that is 
maintained, or the red cell volume. The latter 
has been well studied in patients with liver 
disease by several investigators | /-6). Low, nor- 
mal and clevated red cell volumes have been 
found in cirrhosis. 

Red cell destruction has been studied in 
patients with liver disease. Chaplin and Mollison 
7, and Jand!l measured the survival of 
normal erythrocytes transfused into patients 
with disease of the liver, and found increased 
destruction in all patients studied. Jones et al. | 9) 
and Allen et al. |//) measured the radio- 
chromium (Cr*') half-tume of the patients’ 
own cells transfused back into patients with 


hepatic disease; both groups found approxi-- 


mately one-third of the patients to have a 
shortened cell survival, one-third to be border- 
line, and one-third to have a normal red cell 
survival. No one has attempted to determine 
whether or not there is a shortening of potential 
ervthrocyte life span as a result of inherent cell 
defects associated with hepatic disease. 

In patients with chronic congenital hemolytic 
svndromes Crosby and Akerovd |/77) found an 
increase in the rate of erythrocyte production to 
several times the normal rate in partial or 
complete compensation for the increased rate of 
cell destruction. The degree of compensation for 
the increased rate of cell loss in liver disease has 
not been studied. There are two basic approaches 
to the measurement of erythrocyte production. 
One, used by Crosby and Akerovd [//7), is a 
calculation based on red cell volume and red 
cell life span. The second includes a variety of 


direct measurements of cither effective or total . 


ervthropoiesis by such methods as examination 
of the bone marrow, reticulocyte count, removal! 
of iron from plasma and red cell utilization of 


radioactive iron. With the exception of the 
measurement of plasma iron turnover in acute 
viral hepatitis by Peterson |/2|, the more exact 
methods of measuring erythropoiesis have been 
applied in only an occasional patient with 
hepatic disease. 

The purpose of the present study was to ob- 
tain a more comprehensive picture of the red cell 
dynamics in patients with liver disease, with 
emphasis on erythropoiesis, the aspect not 
previously studied. The primary concern of the 
study was to determine alterations of erythro- 
cyte dynamics in the presence of significant 
hepatic dysfunction which could possibly affect 
erythropoiesis by either a quantitative limita- 
tion of production or the production of cells 
which age rapidly. Such factors as the effects of 
the ingestion of alcohol and malnutrition were of 
secondary concern. Consequently, the studies 
were initiated after patients had abstained from 
alcohol and had been taking a good diet for at 
least two weeks; several patients with hepatic 
disease who either had never been alcoholic or 
at least had not been drinking for several years 
were included. 


METHODS 


Subjects. The patients studied were males with 
impairment of hepatic function of moderate to marked 
degree. Twenty-five had alcoholic cirrhosis; two, 
prolonged acute infectious hepatitis; one, chronic 
infectious hepatitis; and one, extensive liver replace- 
ment with metastatic carcinoma. The diagnosis was 
proved by biopsy in ten and at autopsy in four; in the 
remainder of patients the clinical and laboratory 
findings were typical, leaving little or no doubt as to 
the diagnosis. All were in relatively stable states of 
their disease during the period of study. All the 
cirrhotic subjects had abstained from alcohol and 
had been on hospital diets for at least two weeks prior 
to initiation of the study. With the exception of those 
studied by radioiron, the patients with cirrhosis were 
unselected provided none of the following were 
present: (1) a history of hemorrhage within four 


* From the Medical Services, Albany Medical College and V.A. Hospital, Albany, New York. This investigation was 
supported in part by research grant A-15336 from the National Institutes of Health, U.S. Public Health Service. 
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months, (2) any blood in the stool by repeated 
benzidine testing, and (3) disorders other than disease 
of the liver known to have abnormal hematologic 
manifestations. Red cell volume and short-term red 
cell survival were measured in five normal male 
medical students as a check on the methods used. 

Total Red Cell Volume. The red cell volume was 
determined by the Cr*! method of Read |/3) with the 
following modifications. (1) The blood was incubated 
with the Cr*! for wwenty minutes. (2) An ACD solution 
(Abbott) manufactured for red cell chromation was 
used as an anticoagulant. (3) Post-transfusion samples 
were obtained at ten and twenty minutes. For labeling. 
100 to 125 we. of high specific activity NagCr*'O, were 
used, and the concentration of chromium injurious to 
red cells was not approached. The red cell volume was 
calculated by the equation: 


Hall 


k = ki + ky © Fraction radioactivity lost per day 
from all types of loss exclusive of age 


k, @ Fraction radioactivity loss per dav from clu- 
uion of chromum 
k, = Fraction radioactivity loss per day from 


random cell destruction 
N, was determined experimentally. N, was determined 
by plotting values of N,, a linear semilog plot, for the 
first week and extrapolating tot & 0. T and k wer 
determined as follows. Equation (1) can be expressed 
as: 


(J ‘ 


l nit activity transfused blood (counts minute mi. RBC) & vol. RBC given (ml 


RBC Volume = 


The volume in each case was related to body weight, 
which may be somewhat in error in patients with a 
disturbance of the normal ratios of muscle: bone stat 

viscera, but the volume must be related in some way to 
body size. The dry weight was used in the « alk ulations 
if fluid retention was present. This was determined by 
weighing the subject after fluid loss resulting from 
improvement or paracentesis, or after removal of 
fluid at autopsy. or by estimation based on weight 
before the development of ascites. The presence o1 
absence of varices was determined by clinical 
roentgenographic, 
portographic examination, or at autopsy. The results 
were compared with the group of normal males 
studied by Huff and Felles 


selected because it is the largest in the literature, 


esophagoscopic or spleno- 


This group was 


and it is similar to the present series in sex (all males), 
method of calculating results and range of body sizes. 
The mean red cell volume of five normal male 
medical students studied in our laboratory was almost 
identical with that obtained by Huff and Feller 

Red Cell Survival. 
chromated for determination of the red cell volume 
was followed as described by Read et al. (75). Samples 
were taken until at least two-thirds of the inital radiw- 
activity (with correction for decay) had disappeared, 
and the average point of termination of sampling was 
15 per cent of initial activity. The resulting survival 
curves were analyzed by the method of Eadie and 


The survival of the red cells 


Brown |/6), using their equation: 


(1) N, = No (1 at 


Where: 
N, = Radioactivity on day t, corrected for decay 
N» = Corresponding count on day zero. 


Potential life span in absence of external 
hazards. 


activity 10 minute sample (counts minute mil. RBC 


which equation \ icids a st: aight line of slope k. \ valu 


was evaluated for cach experimental value of N, and t, 
and plotted for cach value of ¢ lf the resulting plot 
was not linear, a second value of T was assumed and 
the process repeated Hy repetition al the 
value ol | was found vw hy would a linear phot 
and was considered to be the true value of = and x 
was taken as the slope of the plot. T was determined 
to the nearest two days and is expressed in Table 1 
to the nearest five davs. T and k were determined for 
each patient. In three sets of data this process was 
compared with the least squares methad used by 
Eadie and Brown |/6.. The linear plot method was 
surprisingly sensitive and much less tedious but gave 
a fit as good as the least squares method or better. k 
was assurmed to be 0.009. the mean value found in 
normal subiects by both Eadie and Brown |/6) and 
by Ebaugh, Emerson and Ross | /7). ky was found tn 
k — ky 

Having determined the parameters indicated, it was 
neccessary to ak ulate the actual mean iile ol the 
red cells in each case. This was carried out bw a 
method Dornhorst suggested tor situations in 
which both random destruction and senescence con- 


tribute to cell loss. Values of N. corrected for clution 


were determined by: N, Ny (1 - using 


loorrected 


N.(1 - 


was evaluated and plotted for each value of t, and the 
area of the curve between t @& 0 and t= T was 
measured. The mean cell life was taken as the arca 
divided by the initial height 

Red Cell Production. The rate of production was 
calculated by the equation: Daily red cell production 


I and k, as determined. The expression 
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Taste 1* 
RED CRLE VOLUME, SURVIVAL AND PRODUCTION AS MEASURED BY RADIOCHROMIUM 


; Red Blox Red Blood Cell Production 
He Serum Serum R Cell ad Mean Cell 
Patient sulphalein Albumin ks Life Span 
Volume (day) ‘d 
Patient: with Currhests 
18.8 0 236 

ik 22 2.2 21.1 75 x0 23.6 0.41 
2.2 29 0.012 49.4 0.62 
5. Fi 1.9 2.3 23.1 Ot sO %.4 47 
44 5 MG 120 O15 55 42 8 0.61 
Ita 24 +o 55 22? 0.32 
9 4.2 27 6 75 35 26.9 0.47 
Ww. ! +1 95 65 35.8 0.46 
4.7 4 75 000 7s % 6 0.35 
P 4.4 125 O10 75 73.8 0.39 
Mel) 14 1 2.3 “4 5 945 004 a0 27.4 0.43 
14 42 945 004 15.4 0.26 
G. 1% 4.7 125 23.8 0.31 
1s > 2 95 85 21.5 0.33 
75 5 125 O06 21 6 0.28 
18 4.5 8 120 004 100 16.0 0.29 

Mean 27 % 71 28.0 0.40 

‘atient with Prolonged Acute Hepatitis 
ine +3 4 6 95 0.012 55 
Patient atth Chronte Hepatitis 
Pw 4 0 25 2 Of 28 2 0.41 
Patient arth Uelastatie 


65 0. O12 45 25.3 0.56 


*T Potential erythrocyte life span in absence of external hazards. 
k» Fraction of erythrocytes lost per day from random cell destruction. 
Fieures in bold face type represent calculated normal values. 


Total red cell volume (mil.) | 

= Mean red cell life span (day) 
dred and twenty days, the figure used by Crosby and 
Akeroyd [/7) in this equation, was taken as the normal 
mean life span of the red cell. The red cell volume data 
of normal subjects of Huff and Feller | /4) were used in 
the numerator to calculate normal red cell production. 

Plasma tron Turnover and Red Cell tron Utilization. 
Radioiron studies combined with radio- 
chromium studies were performed in a few patients 


using the method of Huff et al. [79) modified as 
Areit, 1960 


follows: (1) Fe®* ferrous citrate was used; (2) the iron 
was added to 50 to 60 ml. of whole blood in plastic 
bags after chromation of the red cells, and incubated 
for thirty minutes at 37°c.; (3) plasma volume was 
calculated from the red cell volume determined by the 
Cr®*' method and the whole body hematocrit; and 
(4) serum iron was determined by the method of 
Peters et al. {20}. 

Counting Technics. The Cr*' samples were counted 
im duplicate in 2 ml. volumes in cither a well type 
scintillation counter with a scaler or in the same coun- 


Hall 


544 Erythrocyte Dynamics in Liver Disease 
50 + 
45 — 
° 
= 35+ 
| « 
| 
| 
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RBC VOLUME mists 


Fic. 1. Red cell volume of cach patient compared with hematocrit 


ter used with a scintillation spectrometer. Samples of 
combined Cr*! and Fe** were counted in a Baird- 
Atomic Model 513 Scintillation Spectrometer. 


RESULTS 
Total PR d Cell Volume. 


measured in twenty-five 
alcoholic cirrhosis and in three patients with 
other types of damage to the liver. One patient 
was studied twice, and both sets of data are 


The red cell volume 


was patients Ww ith 


TABLE 


VOLUMES OF VARIOUS SUPGROUPS 


MEAN RED CELI 


Miean and Standard Deviation 


No. of 
Group Red Blood Blood 
(rll (rll Hema- 
Volume Volume 
(mil.) (mil. ke.) 
All hepatic disease . . 29: 1,810 + 42026.344 338.9255 
All cirrhosis....... 26 1.860 + 445 76.52 4.9\59.125 8 
Cirrhosis without varices 
or ascites. . 14 1.740 + 44024 5 + 3.6:38.14 6.6 
Cirrhosis with ascites 17 + 3900790 144940 44+ 4 
Cirrhosis with varices... 5 2.275 + 25031.643.440.24%34 
Normal male subjects 
Huff and Feller 42 2260 + 37078 34+ 4148 + 30 


included since there was a significant progression 
ol his disease im the interval olf one veal 

The results are given in Table u and Figure | 
The mecan volumes ol the varius of 
patients with hepatic disease expressed in emher 
mi. or mil. ke leads weieht did not differ 
significantly from those of the normal group of 
Huff and Feller with the exception of the group 
of patients without ascites or varices (difference 
—3.8, standard error mean 1.15). Three 
patients had red cell volumes 2 to 3 standard 
deviations below the normal mean and could 
he considered truly anemic. Figure 1 demon- 
strates the lack of close correlation between 
hematocrit and red cell volume. One of the three 
patients with a low red cell volume was a 
malnourished, severe alcoholic with moderate 
hepatic disease whose general condition im- 
proved considerably. Eight months later he had 
a relapse and at that time was found to have a 
partially megaloblastic bone marrow. He again 
responded without specific therapy. Another 
patient with pancytopenia and splenomegaly 
had cirrhosis, which was proved by biopsy but 
his liver function was relatively good. The 
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Fea. 2. Patent J. Dw. Ervthroevte survival curves. Curve of erythrocyte incor- 
poration of Fe** and loss of Fe®* from circulation. The Cr* and Fe** studies were 


performed smultancously. 


third patient cirrheosts without 


unusual features 

Red Cell Lif. 
eighteen of them with cirrhosis, were followed up 
bv blood sampling for a suthcient time to permit 
measurement of the ervthrocyvte lle span. An 
attempt was made to follow up all patients 
except a few whose disease did not remain stable 
or who showed evidence of blood loss alter the 
study was initiated: however, several were lost 
to follow-up through lack of cooperation. The 
data were treated as described under “Meth- 
ods,” and the results are given in Table 1. 
Mathematically, the data could be carned to 
more significant fieures than are qiven, but 
it was considered that tnolo@ical limitations 
precluded this. Although many normal sub- 
jects have been studied by a variety of red cell 
survival technics, neither the normal mean cell 
life span nor the standard deviation of the mean 
have been conclusively established. It appears 
likely that the normal limits of the mean are 
between 100 and 130 days and that the average 
mean is 110 to 120 days |2/). Eadie and Brown 
(16), using Cr®' as a label and the method of 
analysis used in the present study, found poten- 
tial life spans of 126 and 109 days in two normal 
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Span. Twenty-one patients, 


subjects. The actual mean cell life span is the 
product of all factors acting to remove cells 
from the circulation. Under normal circum- 
stances the average potential life span and the 
actual mean cell life span are the same. When 
random destruction is present, the actual mean 
cell life span is less than the potential. 

The potential life span of the red cells exclud- 
ing all environmental hazards was 115 days or 
greater in six patients with cirrhosis and can 
certainly be considered normal. It was between 
ninety and ninety-five days in six, and between 
seventy and seventy-five days in six others. The 
latter group was considered to have a shortening 
of the potential erythrocyte life span. 

The measurement of red cell survival by 
radiochromium (Cr*') is complicated by the loss 
of the label from the cell by what is assumed to 
be elution. Having obtained the constant k. 
which indicates the total rate of exponential 
loss of radioactivity, k; or the constant indicating 
the rate of elution was subtracted from k to 
determine kz. Seventeen of eighteen patients with 
cirrhosis had a ky greater than 0, thus showing 
evidence of random destruction of the red cell. 
(Table 1.) It must be pointed out that rates of 
elution of normal subjects vary about the mean 
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N,= N,{1 - The three patients 
100 4 
with hepatic disease other than cirrhosis are 
90 ~ listed separately in Table t. The findings were 
\ similar to those of the patients with cirrhosis 
80- in all respects 
\ in all respects. 
Red Cell Production. Yhe calculated normal 
~~ values for red cell production of 18.8 ml./day 
| and 0.236 mbL/ke. of body weight/day are 
N, eet useful reference points, but the spread about 
Me. an these means is unknown. Consequently, it is 
| dithcult to determine the magnitude of deviation 
40- from the mean indicative of abnormality. All 
eighteen patients with cirrhosis listed in Table 1 
30 - had rates of production greater than 0.236 ml./ 
ke./day. Two (J. Dw. and F. D.) had rates 
20 - almost three times this figure, and the average 
rate of the group was 1.67 umes the normal 
iO- mean. It should be noted that all but one patient 
MEAN LIFE (J. ba.) were able to increase production to 
O T compensate lor varving degrees ol shortening of 


T T T T 
t DAYS 


Fic. 3. Patient J. Fa. Erythrocyte survival curves 


of kj = 0.009. Eadie and Brown |/6 measured 
k, in normal blood from two donors which was 
transfused to six recipients. k, varied from 0.006 
to 0.011 with a mean of 0.009. Therefore, the 
use of k; = 0.009 when calculating k» k — k, 
undoubtedly resulted in too high a value for ky 
in some cases and too low in others. These 
deviations will cancel out in averaging a series 
of this size, and the mean ky, of the entire group 
of 0.007 is significant. Moreover, if the devia- 
tions from normal of individual calculated 
values of k» were simply an expression of the 
deviations of k; about the mean, half of the values 
of k» would be greater than 0 and half less. All 
but one value of ke was greater than 0. 

The actual mean red cell life span ranged 
from fifty to one hundred days. (Table 1.) Since 
the calculation involved the constant ke, some 
values in individual patients are undoubtedly 
too high and others too low. The mean of the 
entire group, seventy-one days, is considered 
reliable and significant. Illustrative survival 
curves from the data from two patients are given 
in Figures 2 and 3. [The experimental data in 
both cases are compared with the curve resulting 


from the evaluation of N, = N, aad 


¢ 

The second survival curve in each case is from 
the data corrected for elution by evaluating 


cell life span, and maintained red cell volumes 
within the limits of normal 

Ervthroc Vie produc tion was measured by 
radioiron (Fe*"’) technics in a small group olf 
patients selected to represent different 
festations of cirrhosis. The results are given in 
Table One patient (M. H.) had good hepatic 
function but a low normal red cell volume and 
macrocy tosis. Another patient (T. G.) had only 
mild cirrhosis (proved by biopsy), but a long 
assumed to be the 
present. The 


standing pancytopenia, 
result of hypersplenism, was 
other three patients had severe cirrhosis, one 
with marked bilirubin retention. Cr*' survival 
studies were initiated in all but were terminated 
in three in two to three weeks for various 
reasons. One patient (W. D.) died following 
hemorrhage from a gastric ulcer, one (T. G.) 
had a hemolvtic reaction from normal fresh 
blood on the fourteenth dav, and the third 
(M. H.) was lost to follow-up. The fraction of 
iron removed per hour and the plasma tron 
turnover were normal or vreatcr than normal 
in all cases. The incorporation of iron into the 
red cells was prompt and reached a high per 
cent of the given dose in all cases. A curve of red 
cell iron incorporation and of iron loss as the 
cells left the circulation is given in Figure 2. 


COMMENTS 


The findings of the present study do not 
necessarily apply to all patients with hepatic 
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PARLE 
KED CELL PRODUCTION AS MEASURED BY RADIOIRON 
Cr’! Stuches Studies 
Pie Ne Seren 
Pile (ell lood 
(om j Fraction Iron Marrow 
Cell Cell 1, Cell 
‘ 
(day) (ml. /be./day) per he.) | (day) zation 
| 
Su 
Perth well 45 18.3 44 
Hutt al 41 14.6 
Pvecent 
44.3 7.55 15.1 5 83 
disease. Such patients, particularly those with red cell volume. Incomplete information from 


cirrhosis, exhilat a variets of clinical manilesta- 
tions, and them ervthrocvte dynamics also 
le expected to vary. In addition, patients with 
alcoholic currhosis may have hematologic dis- 
orders which are not a consequence of liver 
damage per «. These include the svndrome of 
hemolysis, fatty liver and lipemia in acute 
alcoholism described bw Zieve |227), and nutri- 
tional folic acid or vitamin By. deficiencies as 
described by Jandl and Lear [23) and by 
Krasnow et al. (2/7). The patients in the present 
study had chronic discase, were in relatively 
stable stages of their disease during the study, 
and had been on good dictary programs for at 
least two weeks before initiation of the study. 
The conclusions drawn can be related only to 
this type of patient. The findings in the patients 
with chronic liver damage due to viral infection 
or tumor in no way differed from those with 
alcoholic cirrhosis, and the findings in those 
alcoholics who had been on good regimens for 
months or vears did not differ from those of 
patients who had been drinking up to a few 
weeks before study. Consequently, all the pa- 
tients will be discussed as a group. 

A wide range of red cell volumes was found 
in this group of subjects with chronic liver 
disease. In the patients with esophageal varices 
and, or ascites red cell volumes tended to be hich, 
findings similar to those of Eisenberg |6) who 
also correlated cyanosis in cirrhosis with a high 
red cell volume. No particular manifestation 
of liver disease has been correlated with a low 


1960 


the literature and from the present study sug- 
gests that reduced red cell volume may be found 
in the type of overt hemolytic syndrome de- 
scribed by Hyman and Southworth [25| (T. G., 
present study), in the type of hemolytic syn- 
drome of alcoholics described by Zieve [22], 
and in the presence of associated dietary 
deficiency of folic acid and vitamin Bye (J. H., 
present study). It appears well established by 
the work of others |/-6], and by the present 
study, that the incidence of true anemia in 
chronic disease of the liver is lower than origi- 
nally believed. Frequently the apparent anemia 
is simply hemodilution by a high plasma volume. 

The actual mean life span of the erythrocyte 
was found to be shortened by two processes, 
shortening of the potential life span presumably 
from inherent cell defects and from random cell 
destruction. Only one abnormality was present 
in some cases, and in others both processes were 
present in proportions that varied among pa- 
tients. The increased senescence of erythrocytes 
from inherent cell defects has not been described 
previously. Further confirmation could be ob- 
tained by the measurement of survival of 
erythrocytes transfused from a patient with 
liver disease into normal subjects, but one is 
hesitant to transfuse blood from patients with 
hepatic disease. The pitfalls of mathematical 
analysis of data as used in the present study to 
determine the life span of the red cell and factors 
involved in its alteration are well discussed in 
the analytical reviews of Dornhorst [78] and 
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Eadie and Brown [2/). The survival curves 
obtained in the present study definitely differed 
from those found by others who studied normal 
subjects. The possible errors are in the analysis 
of the factors producing the abnormal curves. 
Undoubtedly there are errors in the expression 
of the magnitude of potential life span of the 
red cell or rate of random cell destruction in 
individual! cases. However, the deviation from 
normal of these parameters is considerable in 
some instances, and the means of the entire 
group are abnormal. For these reasons, the 
conclusions herein stated regarding the lite 
span of the red cell are considered valid. 

The high incidence of macrocytosis associated 
with hepatic disease | 26,27) suggested the possi- 
bility that these macrocytes had shortened 
potential life span. The mean erythrocyte diam- 
eter was measured in ten unselected patients ol 
the group: all had macrocytosis. The potenual! 
life span in the group ranged from seventy 
to 120 days. It was concluded that the macro- 
cytosis and increased senescence were not Closely 
related. 

The etiology of the random destruction of the 
erythrocyte was not clear. Splenomegaly has 
been suggested as a cause, but only a minority ol 
the patients had splenomegaly, and several 
with high rates of random cell destruction did 
not have enlargement of the spleen. Chaplin and 
Mollison |7| demonstrated random destruction 
after splenectomy. The finding of hemolysis in 
patients whose disease was caused by factors 
other than alcohol or who had abstained for 
months or years rules out alcohol as the sole 
cause. 

If a low hematocrit ts taken as an indication of 
anemia in hepatic disease, one may falsely as- 
sume that erythropoiesis is impaired and that the 
patient cannot compensate for an increased 
rate of cell loss. Calculation of the rate of pro- 
duction from measurement of the red cell 
volume, as in the present study, indicated 
adequate production in the majority of cases. 
The rate of production did not approach the 
rate of six to seven times normal found by 
Crosby and Akeroyd [//| in patients with 
congenital spherocytosis. However, in all but 
one case the degree of increase in erythropoiesis 
was sufficient to compensate fully for the decrease 
in mean cell life span. Impairment of erythro- 
poiesis might be anticipated in patients with 
impairment of protein synthesis, but a high rate 
of production was maintained in spite of severe 
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hepatic dystunction, including impaired produc- 
tion of serum albumin and prothrombin in 
several instances, 

The reader is referred to the articles by Both- 
well et al. | 28,29) for a complete evaluation of 
radioiron studies as measures of erythropoiesis 
In brief, the plasma iron removal and turnover 
are related to total erythropoiesis; whereas the 
incorporation of iron into the red cell is related 
to effective erythropoiesis. The latter method is 
not satislactorvy aluating hy periunction. 
The Fe*’ studies tended to support the conclu- 
sion drawn trom the calculation of red cell 
production trom the volume and survival data. 
I otal and effective erythropoiesis were normal ot 
increased in all instances, and in one patient 
(T. G.) reached a very high level. Jandl [4) 
considered that alcohol might impair erythro- 
poiesis in some instances. The possibility that 
alcohol or malnutrition suppresses or limits 
ervthropoiesis was in no way evaluated in the 
present study. 

The essentials of the present study can be 
stated quite concisely. The most significant 
abnormality of ervthrocvte dynamics found in 
chronic, uncomplicated disease of the liver was a 
shortening of the actual mean red cell life duc 
to various degrees of both an increased rate of 
cell aging and destruction of cells unrelated to 
age. In almost all the patients erythropoiesis 
increased to a degree suthcient to compensate for 
the increased cell loss. True anemia, or a sub- 
normal red cell volume, was uncommon. 


SUMMARY 


1. Total red cell volume and radiochromium 
red cell survival were measured, and the red cell 
production was calculated, in a group of patients 
with chronic liver disease, chiefly cirrhosis. 

2. Anemia as determined by the red cell 
volume was found in only three of twenty-nine 
patients. Patients with ascites or esophageal 
varices had the greatest red cell volumes. 

3. The potential red cell life span was normal 
in six of twenty-one patients and slightly to 
moderately shortened in the remainder. Evi- 
dence of random cell destruction was present 
in all but one patient. 

4. Normal or increased red cell production 
was found in all twenty patients. Only one of 
these failed to maintain a normal red cell 
volume. 

5. Five patients, four with cirrhosis and one 
an alcoholic without cirrhosis, studied by radio- 
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iron methods were found to have normal or 
increased total and effective erythropotests. 
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Plasma Ceruloplasmin and Its Value in the 
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ILSON’S disease is characterized by the 

hereditary deficiency of the plasma copper 
protein, ceruloplasmin, and by progressive 
and fatal hepatolenticular degeneration |/-J . 
It is very unusual for signs and symptoms of the 
latter to become manifest before the age of seven 
or eight vears although the hypoceruloplasmin- 
emia appears to be present from birth (7. 
Because persistent marked deficiency of cerulo- 
plasmin is rarely found, except in patients with 
Wilson’s disease, it should be of clinical value 
to find asymptomatic infants with low plasma 
ceruloplasmin levels since Wilson’s disease is 
likely to develop in these children. Our know!l- 
edge of the pathogenesis and treatment of the 
disease suggests that it may prove possible to 
delay or prevent the development of the illness 
in such children. The present paper describes a 
procedure for determining deficiency of cerulo- 
plasmin which is sufficiently simple to be 
applicable as a screening test to detect these 
children, and which may also be of value in the 
diagnosis of Wilson’s disease in older subjects. 


MATERIALS AND METHODS 


Basis of Method. Ceruloplasmin catalyzes the 
oxidation of certain polyamines including para- 
phenylenediamine (ppd) [5,6]. Since ceruloplasmin is 
the only constituent of plasma possessing such oxidase 
activity [6], this activity has been used as a measure 
of the concentration of ceruloplasmin in plasma or 
serum by several investigators [4-9]. Some of their 
procedures, and the spot test to be described, depend 
on the facts that the rate of oxidation of ppd is pro- 


portional to the plasma concentration of cerulo- 
plasmin, and that purple-blue compounds are formed 
as a result of this oxidation 

When measured cither by oxidase activity. or by 
uulizing other spree ihe characteristics of cet uloplasmin 
plasmas or serum trom oormal human 
subiects contains between about 15 to 35 me. of 
ceruloplasmin per 100 ml. 7). Although many clinical 
conditions are accompanied by an increase in this 
concentration a concentration below 15 
mg. per 100 mil. has been reported only in the neonatal 
an 


and imi 


period EPA RIP in the nephrot s\ 


sionally in unatiected relatives of thes 


patients with Wilson's disease 
pratir 
41,15). Our test was devised s as to distinguish 
scrums or plasma containing less than 20°) me. of 
ceruloplasmin per 100 mil. from those contaiming more 

Matenal A 05 per cent 
phenylenediamine dihydrochloride (Lastman Organn 
Chemical No, 207 
butler of pH and 0.5 ton 
measuring 2 by 15cm... of Whatman No. 1 of Schleicher 
and Schull 2043. filter paper are brietly immersed 


afl para- 
is prepared ina acetate 


strength. Strips 


in this solution, and then blotted between sheets of 
clean absorbent paper. The strips are dried in a cur- 
rent of nitrogen at about 50°c. They then appear 
slightly off-white, but should show no further dark- 
ening for at least three weeks when kept in an atmos- 
phere of dry nitrogen at room temperature 

A standard serum, containing between 18 and 
20 mg. of ceruloplasmin per 100 mil., is selected, of 
prepared by mixing several serums, on the basis of 
any quantitative method for determining cerulo- 
plasmin. } 

} Prepared paper strips, capillary tubes, and standard 
serum for clinical testing may be obtained from the Ortho 
Research Foundation, Raritan, New Jerseys 
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STANDARD 
1 


NORMAL 


WIL SON'S STANDARD 


Spot tests of serums from a normal subject and a patient with Wilson's 


diwease, compared with a standard serum containing 20 me. of ceruloplasmin per 


onl. 


For validation of the spot test, serums or plasmas 
ol low and normal ceruloplasmin concentrations 
were needed. The obvious source of serums with 
low levels of ceruloplasmin was patients with Wilson's 
disease but too few such subjects were available. 
lherefore, advantage was taken of the fact, already 
mentioned, that plasma ceruloplasmin levels are 
almost as low in newborn infants as in some patients 
with Wilson's disease, consequently serums from 
umbilical cord blood samples were used. A quantita- 
tive analysis of ceruloplasmin was carried out in 
each of these scrums. Plasmas with normal levels 
af ceruloplasmin were taken from healthy children, 
one to six years old, on the Pediatric Service of the 
Bronx Municipal Hospital Center 

Test Preedwe. Plasma or serum may be used. The 
former is conveniently obtained without venipuncture 
by allowing blood from a skin puncture to fill a 
heparinized capillary tube (Aloe, No. 23922), and 
settling the cells by eravity or centrifugation. The 
portion of the tube containing cells is broken off and 
discarded. Uf serum from wenous blood is used, it 
should be drawn into a capillary tube. 

At each end of one of the dried paper strips about 
10 microlitersof standard serum are applied by touch- 
ing an open end of the capillary tube to the paper. 
Between these spots of standard serum several un- 
known samples may be applied on the strip approxi- 
mately 2 cm. apart 

Phe strip is placed in a test tube or flask containing 
a moist pledget of cotton which does not touch the 
paper. The container is stoppered and immersed 
in water at 45° to 55°c. for five to ten minutes. The 
intensity of the blue color developed by the unknown 
spots is compared to the blue color of the standard 
spots. The comparison should permit the determina- 
tion of the ceruloplasmin concentration of each plasma 
or serum as greater or less than the standard. (Fig. 1.) 

Statistical Methods. \n order to determine whether 
or not the spot test is an acceptable procedure for 
screening scrums with low concentrations of cerulo- 
plasmin, its performance was investigated from the 
point of view of sensitivity, specificity and reproduci- 
bility using Wald’s sequential method for the statistical 
analysis [/6). In describing the experiments which 
were performed the following definitions will be useful: 
A spot test is called negative if it indicates that the 
tested serum contains more ceruloplasmin than the 
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standard, and it is called positive if it indicates that 
the tested serum contains less ceruloplasmin than the 
standard. 

The necessary spot tests were carried out in the 
following manner. The experimenter presented each 
sample to be tested in a capillary tube to two inde- 
pendently working observers. These observers did not 
know whether the capillary tube contained serum 
from cord blood or plasma from an older child, 
nor did they know the quantitative ceruloplasmin 
content of the samples. They prepared the spots and 
judged them to be negative or positive. Discordant 
results of the two observers, if encountered, were 
resolved by tossing a coin, a procedure equivalent, in 
the long run, to taking an average reading. 

Three statistical hypotheses were formulated and 
tested. The first concerned the proportion of nega- 
tive results of the spot tests in a group of serums each 
of which, by quantitative analysis, contained less 
than 16 mg. of ceruloplasmin per 100 ml. Clearly, a 
large proportion of negative test results among these 
serums would indicate that the spot test fails to detect 
a large proportion of just those subjects in whom 
Wilson's disease is likely to develop. Thus the higher 
this proportion, the less sensitive is the spot test. The 
statistical test was carried out sequentially with the 
following criteria: The null hypothesis that at least 
15 per cent of the serums with low concentrations of 
ceruloplasmin (under 16 mg. per 100 ml., by quanti- 
tative measurement) appeared higher than 18 to 
20 mg. per 100 ml. by the spot test was tested against 
the alternative hypothesis that this proportion was at 
most 5 per cent. The statistical risks adopted were 
as follows: If the null hypothesis were true, it would 
not be rejected more often than 5 per cent of the time. 
On the other hand, the null hypothesis would not 
be accepted more often than 5 per cent of the time if, 
in fact, the alternative were truce. 

The second statistical hypothesis concerned the 
proportion of positive results of the spot tests in the 
population to which the spot test is to be applied 
clinically. If this proportion is found to be low, the 
proportion of false positive test results must be even 
lower, and since Wilson's disease is rare, the specificity 
of the spot test will be high. The statistical pro- 
cedure tested sequentially the null hypothesis that 
the proportion of positive results of the spot tests in 
the population from which the one to six year old 
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TABLE 
MEASUREMENT OF CERULOPLASMIN CONTENT OF SERUM 
FROM CORD BLOOD BY QUANTITATIVE ENZYMATIC 
ASSAY AND BY THE SPOT TEST 


Ceruloplasmin ( cruloplasmun 
Infant (Quantitative 


(mg. 100 mil 


( erulo plasmin 

I ime. 100 ml 


] ; x 1% 
2 x 1” 
3 x 19 
x 
~ x i) 
6 7 x 19 
7 64 1% 
15 x 
) x 
x 1% 
1 1% 
12 10 x 19 
13 x 1s 
14 x 
15 x 1k 
16 14 x 1s 
17 x 1s 
1s 14 
19 x 
20 x by 
21 x 
22 \ 
23 x 
24 x 
25 1. x 
26 jt x 
27 10) x 
25 he 
29 1% x 
1] 
57 


* 


a5 


* By enzymatic method [4]. 
+ x = less than standard. 
= greater than standard 


children were drawn is at least 15 per cent against 
the alternative that it is at most 5 per cent with the 
same risks of erroneous decision as already menuoned. 

The third statistical hypothesis concerned the fre- 
quency of disagreement in the results of two observers. 
The null hypothesis that the proportion of disagree- 
ments is at least 8 per cent was tested against the 
alternative that it is at most 3 per cent with the same 
statistical risks of error as before. 

Obviously, rejection of each of these null hypotheses 
was the decision favorable to the spot test and, in fact, 
unless this decision had been reached in each case, 
the spot test would not have been acceptable. 

RESULTS 

The results were favorable to the spot test in 
all three experiments designed to test the hypoth- 
eses described. In the first experiment the 
null hypothesis was rejected, in accordance with 
the sequential plan, when no spot tests indicat- 
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ing serum containing more than 18 to 20 me. 
per 100 ml. were found among twenty-seven 
scrum samples with known low ceruloplasmin 
levels. The results of the spot test and quantita- 
tive determinations of ceruloplasmin on these 
twenty-seven scrum specimens of cord blood 
(and on serums from ten additional infants) are 
given in LTable 1. It should be noted that the 
results of the spot test were also correct in each 
of the four instances in which the cord blood 
scrum contained more than 18 to 20 me. cerulo- 
plasmin per 100 mil., presumably as a result of 
contamination with maternal blood containing 
a high concentration of ceruloplasmin | /0,/2,73). 

In the second experiment the null hypothesis 
was rejected when no spot tests indicating serum 
containing less than 18 to 20 me. of cerulo- 
plasmin per 100 ml. were found in twenty-seven 
children aged one to six vears. 

The third experiment terminated when, in 
ninety-six pairs of observations, there were 
ninety-four in which both observers were in 
agreement. In the two instances in which there 
was disagreement quantitative enzymatic deter- 
mination |4) showed that one serum contained 
18 and the other 25 mg. of ceruloplasmin per 
100 ml. Both of these were specimens from 
children in the second experiment, and in each 
case the coin toss designated the spot test as 
negative. Incidentally, the child with 18 me. 
of ceruloplasmin per 100 ml. was found to be 
suffering from the nephrotic syndrome and had 
been included in this experiment by error. 

Finally, serum from six children and adults 
with Wilson’s disease were all shown, by the spot 
test, to contain less than 18 to 20 mg. of cerulo- 
plasmin per 100 mi. 


COMMENTS 


We believe that the chief clinical value of 
this test will lic in screening apparently healthy 
children to detect those who are deficient in 
ceruloplasmin. Since Wilson’s disease is an un- 
common condition and practically the only 
cause of persistent deficiency of ceruloplasmin, 
usually in the range of 0 to 15 mg. per 100 ml. of 
scrum, confirmatory studies, including quantita- 
tive analysis for ceruloplasmin, can be made in 
the relatively small number of children in whom 
positive results of the spot tests are obtained. In 
children who show persistent ceruloplasmin 
deficiency Wilson’s disease is reasonably certain 
to develop [/-4,/0), but early diagnosis may 
make it possible to prevent or delay the appear- 


AMERICAN JOURNAL OF MEDICINE 


Screening Test for Wilson's Disease—Azsen et al. 


ance of clinical hepatolenticular degeneration. 
It appears that retention and deposition in the 
body of excessive amounts of copper are responsi- 
ble for the pathologic changes, which are most 
clearly seen in the liver, brain, kidneys, eyes 
and nails |/-3,/7,/8|. Therefore, if latent 
Wilson's disease, or hypoceruloplasminemia, is 
demonstrated, measures may be instituted to 
minimize the absorption of copper from the diet, 
and to protnote the excretion of copper already 
albworbed | 70-27). 

The neonatal deficiency of ceruloplasmin will 
not interfere with a screening program in 
children since it appears to be of short duration. 
In infants of apparently healthy mothers serum 
ceruloplasm concentrations appear to he per- 
sistently above 18 ma. per 100 ml. by the second 
month of life |25|). Therefore, it seems that the 
spot test can be used as a screening procedure in 
infants at any tune alter the age of three months, 
perhaps most conveniently at a time when 
routine immunizations are given. 

Difheulty in interpretation of low concentra- 
tions of ceruloplasmin may occasionally arise. 
There is evidence that levels of ceruloplasmin 
may be low in patients with the nephrotic 
svndrome, and indirect evidence, from studies 
of plasma copper, that there may be a deficiency 
of this protein in patients with kwashiorkor, 
tropical sprue, and in certain infants with a 
syndrome of anemia and hypoproteinemia 
10,26-28)\. Furthermore, as already pointed out, 
some asymptomatic relatives of patients with 
Wilson's disease may have plasma ceruloplasmin 
concentrations within the range found in the 
patients | /4,/5). These four disease states should 
be readily differentiable from asymptomatic 
Wilson's disease, but careful and continued 
observation of other subjects with hypocerulo- 
plasminemia, together with investigation of their 
families, may be necessary as aids in determining 
whether or not Wilson's disease is likely to 
develop in the patient. It may be pointed out 
that clear signs and symptoms of Wilson's 
disease occasionally first appear as late as the 
third and fourth decade. 

The spot test may also be of value in the 
clinical study of patients suspected of having 
Wilson's disease, such as subjects with unex- 
plained hepatic cirrhosis {29,30} or neurologic 
symptoms consistent with Wilson’s disease. It 
should be pointed out that in some patients with 
overt Wilson's disease the usually low level of 
ceruloplasmin may be temporarily elevated by 
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the administration of estrogens | 2,37) and, per- 
haps, by the same intercurrent clinical condi- 
tions which increase the concentration of this 
protein in subjects without Wilson’s disease 
10,11). Furthermore, at least one patient is 
known to have died of this disease despite the 
presence of an undoubtedly normal concentra- 
tion of ceruloplasmin, and the absence of any 
relevant intercurrent condition |32|. These facts 
should be borne in mind in interpreting the 
results of the spot test, particularly when a 
negative test result is found in any patient in 
whom there is a strong suspicion of Wilson’s 
disease. 
SUMMARY 


A spot test is described which makes it possible 
to determine simply and with a satisfactory 
degree of certainty whether or not an individual! 
has more or less than about 20 mg. of cerulo- 
plasmin per 100 ml. of plasma or serum. The test 
should be applicable as a screening procedure to 
detect asymptomatic children with hypocerulo- 
plasminemia in whom Wilson’s disease may 
subsequently develop. Based on current know!- 
edge, and with available pharmacologic agents, 
it may be practicable to prevent or delay the 
onset of symptoms and signs of Wilson’s disease 
in such children. The test may also be used in the 
study of patients suspected of having Wilson’s 
disease. 
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He original observation that Wilson's 
jy pte is associated with a deficiency of the 
serum copper protein, ceruloplasmin, has been 
confirmed by immunologic measurement of 
ceruloplasmin 2 and by serum oxidase measure- 
ments |2-6 . Since the disorder is inherited | 4,7), 
the suggestion has been made that the funda- 
mental effect of the abnormal gene, when pres- 
ent in the homozyveous form, is to cause inade- 
quate synthesis of ceruloplasmin [/,4,7-9). 
According to this theory, the increased absorp- 
tion of copper from the gastrointestinal tract, 
the excessive deposition of copper in tissues and 
the increase in non-ceruloplasmin copper in the 
serum are secondary to the deficiency of 
ceruloplasmin. 

If this concept is correct im its simplest form, 
which would be to assume that there are no 
environmental lactors or gene to gene interactions 
which influence the expression of the abnormal 
gene, it follows that: (1) a deficiency of cerulo- 
plasmin should exist in all patients with the 
disease; (2) a correlation between the concentra- 
tion of ceruloplasmin present and the duration 
and severity of the disease may be present; 
(3) a decreased concentration of ceruloplasmin 
might not be observed in chronic disorders other 
than Wilson's disease; and (4) all reversible 
manifestations of the disorder should be al- 
leviated by restoration of the ceruloplasmin 
concentration to the normal level for an ap- 
propriate period of time. 


Although no extensive analysis of this concept 
has been reported, a few scattered observations 
have been made which tend to cast doubt on its 
validity [2,9]. Normal serum copper values 
have been observed in a few patients with Wil- 
son's disease |2,3). This, of course, does not 
eliminate the possibility that the concentration 
of ceruloplasmin might have been low in the 
reported cases because it is known that the 
‘“direct-reacting” fraction of serum copper is 
usually increased in this disorder [8]. In several 
patients, however, the ceruloplasmin concentra- 
tion {2) and serum oxidase activity [3] have been 
noted to be only slightly below the limits of 
normal. In a small series of fourteen patients 
with this disease we were unable to observe a 
correlation between the ceruloplasmin con- 
centration and the duration or severity of the 
disease |2). Ceruloplasmin concentrations as low 
as those observed in Wilson’s disease have been 
found in three patients with the nephrotic 
syndrome [2] and in two infants with idiopathic 
hypocupremia [/0]. Finally, abnormally low 
total serum copper concentrations have been 
observed in normal, asymptomatic relatives of 
patients with Wilson’s disease [5,6,//—-74]. A 
number of these relatives have been beyond the 
age at which Wilson’s disease is usually manifest. 

The purposes of this paper are: (1) to present 
a critical analysis of the serum copper and cerulo- 
plasmin concentrations in normal human sub- 
jects, patients with Wilson’s disease and rela- 
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Fic. 1. Distribution curve for total serum copper in 205 
normal subjects. The broken line is a normal distribution 
curve which has been fitted to the sample distribution. 


_ tives of patients with Wilson's disease; and (2) to 
examine the possible role of ceruloplasmin in the 
pathogenesis of this rare inherited disorder. 


MATERIALS AND METHODS 


The control group of 205 subjects ranged in age 
from seventeen to forty-five years and consisted of 
normal medical students, physicians and laboratory 
personnel. * 

Serums from thirty-six patients with Wilson's dis- 
ease have been studied. Six of these (Cases 1, 3, 5, 14, 
15 and 27) were patients in our own clinic. The 
remaining serums were provided by physicians else- 
where. All thirty-six of the patients had Kayser- 
Fleischer rings and one or more signs of liver disease 

The methods for the determination of total serum 
copper and urine copper have been published else- 
where [75,16]. Ceruloplasmin was measured im- 
munologically by the use of rabbit antihuman cerulo- 
plasmin serum which had been absorbed with serum 
from a patient with Wilson’s disease [7,2]. 

The methods outlined by Croxton (|/7) for the 
statistical analysis of data have been followed. In the 
text, S.D. refers to standard deviation; S.E. refers to 
the standard error of the mean; r refers to the cor- 
relation coefficient; and P refers to the probability 
that such an event could occur by chance. Only P 
values of 0.01 or less have been considered to be 


significant. 
RESULTS 
Normal Subjects. The serum copper values 
obtained in 205 normal subjects are summarized 
in Table 1. The difference between the means of 
*In a previous publication [2) we stated that total 
serum copper had been measured in 228 normal subjects 


On reinspection of the data it has been discovered that 
twenty-three of the subjects had been included twice. 
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NORMAL SERUM COPPER VALUES 


Mean Kaneec 


rot No. 
scoup No (ue. / 100 mil.) (ue. / 100 mi.) 
Male 120 110 + 15.7 6B to 161 
Female 120 + 17.8 Rito 165 
Total 205 114 + 17.4 68 to 165 


the sexes is highly significant (P <O.001). 
The distribution curve for the values oltained in 
the group of 205 subjects is shown in Figure | 
together with a normal distribution curve which 
has been fitted to the sample distribution. The 
experimental values fit the normal curve within 
the limits of variation due to random sampling 
(P = >0.30). 

Values greater than 2 standard deviations 
below the normal mean (70 ywe./100 mil.) were 
obtained in two male subjects. In both subjects 
the value obtained was 68 ge. / 100 mil. As shown 
in Figure 1, these values fall within the normal 
distribution curve and therefore must be con- 
sidered normal. The values have been reason- 
ably reproducible in one of the subjects over an 
eight-vear period. (Table u.) The other subject, 
when studied eight vears alter the initial observa- 
tion, was found to have a scrum copper value 
of 92 we./100 mil. Both of these subjects (ages 
thirty-two and thirty, respectively) are physi- 
cians, neither has any stiamas of Wilson's discasec 
and in neither family has there been a history of 


Taste u 
NORMAL MALT nye ™ si 


Serum Copper Ceruloplasmin 


“Car 

(ge. /100 mi.) me. / 100 ml 

1951 

1954 

1955 6° 

1958 14 

1959 71 14 
Subject B 

1951 

1959 
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the occurrence of this disease. The excretion of 
copper in the urine of subject A has been studied 
and has been found to be within normal limits. 

Ceruplasmin determinations have been per- 
formed in ten normal subjects |2). The mean 
value +1S.D. was + 4.0 me. 100ml... witha 
range from 27 to 38 me. 100 mil. The mean 
value for serum copper in these ten specimens 
was 108 pe. 100) ml... with a range of 92 to 123 
uy. 100) mil. Since the normal serum copper, 
defined as +2 S.D. in the considerably larger 
group of normal subjects is “9 to 149 ge. /100 ml., 
the values cited for ceruloplasmin may not 
represent the true range. However, there is a 
hieh deeree of correlation between the indirect- 
reacting (total minus direct-reactinge fraction) 
rum copper traction and ceruloplasmin in 
normal |2). The direct-reacting fraction 
normaliv accounts for about 6 per cent of the 
total serum copper. Therefore, in normal 
sulyects ceruloplasmin can be calculated trom the 
total scrum copper by use of the following 
formula: 


Ceruloplasmin (me./ 100 
Serum Copper (ue. onl.) 


li this formula is used, the range for cerulo- 
plasmin in normal subjects, defined as +2 S.D., 
becomes 23 to 44 me. /100 mil. The determined 
values for ceruloplasmin im the two normal 
sulyects with low serum copper values were 
below this level, namely from 14 to 22 me./ 
100 mil. (Table u.) 

Wilson's Divas. Data on thirty-six patients 
with Wilson's disease are summnarized in Table 
Statistical comparisons of subgroups are pre- 
sented in Table tv. 

Phe mean age for the croup, at the time the 
studies were made, was twenty-three vears 
with a range of nine to thirty-five vears. There 
were twenty-one males and fifteen females, a 
ratio of males to females of 1.4:1. The duration of 
symptoms at the time of the studies ranged from 
zero to twenty-one years. Three patients were 
asymptomatic siblings of patients with the 
disorder. Eight of thirty-six patients had no 
clinical signs or symptoms of neurologic disease. 
The remaining twenty-cight patients showed 
tremor, dysarthria or spasticity. The patients 
with neurologic disease had had symptoms for a 
distinctly longer period of time than those who 
showed no signs of neurologic disease. (Table tv.) 
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| a- 
| toms | / 100 mi.) (mg./ 100 ml.) 
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Copper was measured in the serums of all 
thirty-six patients. The mean value +1 S.D. for 
the group was 61 + 20.8 ug./100 ml. This value 
was significantly different from the normal mean 
(P = <0.001). In twenty-nine patients (80 per 
cent) the values were less than 79 wg./100 ml. In 
seven patients (20 per cent) the values were 
within 2 S.D. of the normal mean. The values in 
the male patients did not differ from the values 
in the females. No correlation was observed 
between the total serum copper values and age 
(r = —0.2; P = >0.20). 

Ceruloplasmin was determined in the serums 
of twenty-eight of the thirty-six patients. The 
mean value +1 S.D. for the group was 9 + 5.2 
mg./100 mil. This value was significantly 


different from the normal mean (P = <0.001). 
In all twenty-eight patients the value was less 
than 23 mg./100 ml. The values in the male 
patients did not differ from the values in the 
female patients. No correlation was observed 
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Fic. 2. Correlation between total serum copper and 


ceruloplasmin in twenty-eight patients with Wilson's 
disease. Ihe solid line is placed through the experimental! 
data. [he estimating equation was computed by the 
method of least squares. Sy, refers to the standard erro: 
of estimate. The broken line represents the amount of 
copper contributed by ceruloplasmin, assuming a con- 
centration of copper in ceruloplasmin of 0.32 per cent 


between the ceruloplasmin values and 
= +0.03: P = >0O.80) 


A high degree of correlation was observed 


ave 


between the serum copper values and ceruloplas- 
min concentrations (r = +0.°6; P = <0.001). 
(Fig. 2.) The broken line in Figure 2 represents 
the amount of copper contributed by cerulo- 
plasmin, assuming a concentration of copper in 
ceruloplasmin of 0.32 per cent. The vertical 
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distance between the broken line and anv given 
experimental point represents the amount of 
copper contributed the direct-reacting, 
non-ceruloplasmin copper. As already stated, 
in normal subjects this fraction represents about 
6 per cent (0 to 21 ge. 100 mi.) of the total 
copper present |2.4). Thus, in confirmation ol 
earlier studies |4), it is apparent that the direct- 
reacting fraction is greatly increased in this 
disorder. Furthermore, the rauo of direct-react- 
ing copper to total copper increases as the 
ceruloplasmin decreases. In patient the 
serum copper value (9° ye. 100 mil.) was dis- 
proportionately great for the ceruloplasmin 
concentration of 6 mg. 100 mil. In this patient, 
however, it is entirely possible that the serum 
extrancous 


one 


specimen was contamimated ty 
copper. 

To ascertain whether or not a relationship 
between the serum copper ofr ceruloplasmin 
values and the duration of the clinical manilesta- 
exist, the evaluated in 


When the scrum copper values 


tions did data were 
scveral wavs 
were plotted against the duration ol sVinptonis 
in all the Cascs, nwo correlation was observed 
—0.15; P >0.350). A similar situation 
prevailed for ceruloplasmin (1 —0.16; P 

>0.40). On the other hand, comparison of the 
scrum copper levels in six patients with no 
svinptoms, or with symptoms of less than twelve 


months duration, with the values in nine pa- 


iv 


WILSON 'S DISEASI 


STATISTICAI 


COMPARISONS 


OFr St Ps 


| otal Serum ( Appet 


Group or Subgroup 


( rruk 


No No 
ge. (100 mil.) me. 100 mil 
Total group (1 +47 
Mak 4.0/ 0 w 1.34 >0. 
Female. . 5 65 09 +1.39 
Subjects with neurologic signs 28 4.05 Of 2th 68 + 1.05 >0.10 
Subjects with no neurologic signs i2+2.@ 
Duration of symptoms 
Subjects with neurologic signs . 28 70 + 11.87 
0.005 
+ 10.57 


Subjects with no neurologic signs 


* P indicates the probability that such an event could occur by chance. 
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tients with the disease tor MEATY months or more 
did reveal a sienificant difference. (Table v.) A 
sumilar difference was not obtained between the 
ceruloplasmin values and the duration of 
svinptoms. Serum copper and ceruloplasmin 
values were oltained over a period of one or 
more years in three patients. (Table v1.) In two 
there seemed to be a decrease in both copper and 
ceruloplasmin with time; in the third patient no 
such trend was apparent. 

Lhe clinical severity of the disease is a dithcult 
parameter to measure quantitatively. However, 
the presence or absence of neurological siens and 
symptoms perhaps may be taken as one criterion 
ol the severity of the disease l sing this criterion 
only a questionable relation between the severity 
of the disease and serum copper levels could be 
shown. (Table tv.) No sienificant difference 
between the levels of ceruloplasmin in subjects 
with and without neurolog@ie manifestations was 
observed. Another criterion which might be 
considered is the @eneral clinical condition of the 
patient and the course of the illness. In this 
regard the course of one patient (No. 1) is of 
interest. He had been clinically well except for 
slight dysarthria and tremor, and had worked 
full time as a house painter from November 30, 
1954 to February 14, 195°. The serum copper 
values ranged from 33 to 6° we. 100 mil. and the 
ceruloplasmin values from 2 to 5 mg./100 ml. 
during this period. On January 3, 1957, he was 
given | me. of ethinyl estradiol daily orally 
7,48}. On the nineteenth day of therapy the 
ceruloplasmin level had increased progressively 
to 10 me. 100 mil. but his general condition had 
deteriorated markedly. From February 16, 1957 
to May 31, 1957 he was comatose, being unable 
to walk, cat, understand or communicate. In 
this interval the serum copper values ranged 
from 8 to 40 ye./100 mil. and ceruloplasmin 
values were between 2 and 4 mg./100 mi. 
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TABLE VI 
SERUM COPPER AND CERULOPLASMIN CHANGES 
DURING THE COURSE OF WILSON'’S DISEASE 


Date Serum Copper Ceruloplasmin 
(ue. /100 mi.) (meg. /100 ml.) 
Patient 1 
11/30/54 57 2 
7 8/55 33 3 
1/7/56 9 3 
1/3/57 50 5 
6/10/57 2 
1/24/59 29 3 
Patient 14 
6/7/54 53 s 
1/7/56 53 3 
45 4 
58 15 3 
1/12/59 29 1 
Patient 27 
5/22/54 RO | 19 
8/24/55 9 


Following institution of penicillamine therapy 
he made a rapid recovery and since then he has 
been fully and gainfully employed in his occupa- 
tion, with serum copper values between 16 and 
55 we./100 ml. and ceruloplasmin levels of 2 to 
3} me./ 100 ml. Thus in this person there seemed 
to be little correlation between his general condi- 
tion and the concentrations of serum copper or 
ceruloplasmin. Again, another patient (No. 14) 
has been participating in school activities for 
three vears although the ceruloplasmin level was 
only 3 to 4 me./100 ml. On the other hand, one 
patient (No. 27) died of the disease with a 
ceruloplasmin concentration of 9 mg./100 ml. 
and another (No. 28) died about two months 
after a ceruloplasmin level of 22 mg./100 ml. was 
found. 

An opportunity occurred to observe the 
influence of a normal pregnancy on the serum 
copper and ceruloplasmin values of one patient. 
(Table mt, No. 9.) The results are shown in 
Table vu. During the pregnancy there was an 
appreciable increase in ceruloplasmin, with a 
maximum value on the day of delivery. The 
values declined rapidly in the postpartum 
period. Analysis of the placental vein blood at 
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TABLE vu 
INFLUENCE OF NORMAL PREGNANCY ON SERUM COPPER 
AND CERULOPLASMIN OF A PATIENT WITH WILSON'S 
DISEASE 


Serum Copper Ceruloplasmin 


Date (ue. /100 mil.) (img./100 mil 
7/6/56 51 1] 
7/9/56 54 1 
8/8/56" 105 18 
8/22/56 93 
3/14/57 
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* Day of delivery. 


the time of delivery revealed a serum copper 
level of 93 ywg./100 ml. and a ceruloplasmin 
concentration of 1.5 mg. 100 mil. (9). Serum, 
obtained from the infant at months 
of age, contained 94 yg. /100 ml. of total copper 
and 26 mg./ 100 ml. of ceruloplasmin. 

Relatives of Patients with Wilson's Disease. 
Abnormally low values for ceruloplasmin, 
obtained in eight of twenty-one relatives of 
patients with Wilson’s disease, are presented 
in Table vir. None of these subjects had any 


scVcn 


symptoms or signs of the disease. Liver function 
studies were performed in all but two subjects 
(E and F) and in all the values obtained were 
within normal limits. The urinary excretion of 
copper was measured in five subjects (A, B, ©, 
D and G). In each case the excretion of copper 
was within normal limits. Two subjects (A and 
E) are well beyond the age when the clinical 
manifestations of the disease usually first appear. 
Whether the disease will develop in any ol 
the younger relatives listed in Table vin remains 
to be determined. However, it is apparent from 
subjects A and E that low ceruloplasmin levels 
are not always accompanied by the clinical 
manifestations of Wilson’s disease. 

Subject A was studied one year after the 
iniuial observation. The second observations 
were 108 ywe./100 mil. and 20 mg./100 ml., 
respectively. Subject B was studied for a second 
lume two years after the initial observation. 
The new findings were 60 ye./100 mil. and 21 
mg./100 ml. for serum copper and _ cerulo- 


plasmin, respectively. 

It should be noted that low ceruloplasmin 
values were obtained in three subjects (A, C and 
D) in the presence of normal amounts of total 
serum copper. These subjects apparently had 
increased amounts of direct-reacting serum 
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coppet It is also interesting that six of the 
Neale and Fischer- 
likewise observed hypocupremia 


eight subjects were males 
Williams |/2 
more frequently in male than female relatives 
Ihe mother of patient A had normal serum 
copper and ceruloplasmin values. Both parents 
of siblings 14 and 15 had normal serum copper 
and ceruloplasmin values. Therctore, a low ceru- 
loplasmin concentration is not an invariable 
charactersuc ol the heteroz, vous condition. 


LCUMMENTS 


From the data presented itis apparent that 
Wilson's disease is accompanied by a decrease 
in the ¢ cruloplasmin concentration in the serum 
[his was a 
exception, in twenty-eight patients so studied 


consistent observation, without 
However, tor a number of reasons it scems Cleat 
that the fundamental defect is not simply or 
solely represented by a decrease in the cerulo- 
plasmin concentration 

(1) All patients with Wilson's disease had 
ceruloplasmin values which were less than the 
normal mean —2 S.D. Nevertheless, the values 
(14 to 22 mg./100 ml.) in six patients were as 
great as the values observed in two normal 
subjects. (lable u.) 

(2) Within the group of patients studied, there 
was a poor correlation between the ccrulo- 
plasmin level and the duration and severity of 
the manifestations. A patient with a rather 
fulminating form of the disease had a cerulo- 
plasmin level of 22 mg./100 ml. several months 
prior to death. Two patients who have been 
followed up for periods of three to five years 
have had ceruloplasmin concentrations below 
4 mg. /100 ml. and yet have been able to carry 
on daily in normal physical activities. Finally, 
even though therapy with sodium sulfide, BAL 
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or penicillamine is occasionally associated with 
a dramatic improvement in the condition of the 
patient, such improvement following therapy has 
not been associated with an increase in serum 
copper or ceruloplasmin values | 7/9). 

(3) It a deficiency of ceruloplasmin directly 
or indirectly produces the lesions characteristic 
ol Wilson's disease, then a deficiency of cerulo- 
plasmin from whatever cause should be asso- 
ciated with the lesions of Wilson's disease. In 
addition to the two normal subjects mentioned, 
ceruloplasmin levels as low as those observed in 
Wilson's disease have been observed in a few 
patients with the nephrotic syndrome (2), in 
newborn infants 4%, and im infants with idio- 
pathic hypocupremia | Serum copper levels 
low thease observed im hepatolenticular 
degeneration have been found in some patients 
with sprue 2342/7. None of these patients have 
shown the clinical manifestations or other 
chemical alnormalities of Wilson's disease. It 
may be arcued, of course, that the deficiency of 
ceruloplasmin in these other conditions is ol 
relatively duration and that the deficiencs 
must persist for a period of five vears or more be- 
fore the manifestations of Wilson's disease become 
However, ceruloplasmin levels of 16 

have been observed in eieht 


evident 
to 23 me 
relatives of patients with the disease. Although 
we cannot state that these levels have been 
present for the lifetime of the subjects, observa- 
tions repeated one and two years later in two of 
the adult subjects again were low. The two 
normal subjects studied with ceruloplasmin 
values between 14 and 22 me. /100 ml. probably 
have maintained these levels over at least an 
ceight-vear period 

(4) If a deficiency of ceruloplasmin were the 
primary defect in this condition, it follows that 
restoration of the ceruloplasmin level to normal 
should result in alleviation of all reversible 
manifestations of the disease. This hypothesis 
has not had an adequate experunental test since 
ceruloplasmin levels have not been increased 
to normal values and maintained within normal 
limits for lone periods of time. Nevertheless, it 
can be pointed out that an increase in cerulo- 
plasmin concentration in a single patient given 
ethinyl estradiol, and in one patient in whom the 
ceruloplasmin concentration increased during 
normal pregnancy, was not associated with 
noticeable improvement in the clinical condition 
of either patient. Bearn |7) has noted an increase 
in serum copper to normal or supernormal 
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levels in three patients with Wilson’s disease 
treated with estrogen. The increase in serum 
copper was not accompanied by an increase 
in the urinary excretion of copper or noticeable 
clinical improvement. Bickel et al. [22] at- 
tempted prolonged substitution therapy with 
ceruloplasmin in several patients with Wilson’s 
disease but, due to side reactions of the therapy 
and other complications, the results were 
inconclusive. 

These observations, taken together, strongly 
suggest that a deficiency of ceruloplasmin is not 
the single uncomplicated determinant of the 
disease. The evidence for this statement is at 
least sufficiently good to encourage investi- 
gators to look for environmental factors or 
eene to gene interactions which influence the 
expression of the abnormal gene for cerulo- 
plasmin synthesis, if such an abnormal gene 
exists at all. At the present time no such factors 
or interactions are recognized. Another possibil- 
ity is that the ceruloplasmin present in the serum 
of patients with Wilson's disease, in addition to 
being quantitatively decreased, is not func- 
tionally normal. This possibility has not been 
entirely eliminated although there are two 
reasons to deny it. The oxidase activity per unit 
of ceruloplasmin is the same in Wilson’s disease 
as in normal subjects [2-6|. Uriel et al. [23] have 
examined certain immunochemical character- 
istics of ceruloplasmin from normal subjects and 
from patients with Wilson’s disease, and they 
have been unable to establish any differences. 
Finally, the possibility must be considered that 
the deficiency of ceruloplasmin in Wilson’s 
disease is only a secondary manifestation and is 
not fundamentally involved in the inheritance or 
the pathogenesis of the disorder. Histological 
alterations in the liver are an invariable finding 
in patients dying of this disease. It is possible 
that diminished ceruloplasmin § synthesis is 
secondary to a specific metabolic abnormality 
of the liver which is itself the fundamental 
inherited defect. This possibility has been 
suggested by Uzman et al. [24-26) and some 
experimental data to support this view have 
heen presented. 

A few general comments may be made con- 
cerning the diagnosis of Wilson’s disease. Hypo- 
cupremia is not invariably present in this dis- 
order. In an occasional patient with the disease 
the ceruloplasmin concentration may not be 
lower than that which can be found in a few 
normal subjects. When present, hypocupremia 
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and hypoceruloplasminemia are not specific 
for Wilson’s disease. Indeed, normal relatives 
of patients with this disease may have these two 
biochemical abnormalities. those relatives 
with low ceruloplasmin levels in whom urinary 
copper studied, hyper- 
cupriuria has not 611-13). 
Hvypercupriuria is usually, if not always, present 


been 


observed 


excretion has 
been 


in patients with Wilson's disease 38). However, 
hypercupriuria has been observed in conditions 
other than parucularly in 
patients with hepatic disorders |3,/6) and in 
patients with the nephrotic syndrome |27). On 
the other hand, Kavser-Fleischer rings have not 
been described in any condition other than 
Wilson’s disease, and all thirty-six patients 
with the disease whom we have investigated 
have had readily identifiable Kavser-Fleischer 
rings. As pointed out by Warnock and Neill |/3.. 
since the metabolic changes in Wilson’s disease 
have become known, there has not been an 
authentic example of the disease reported without 
Kavser-Fleischer rings. 

In a previous publication (2 
patient (P. C.) without Kavser-Fleischer rings 
as a patient with Wilson’s disease. The diagnosis 
was erroneously based on the presence of hypo- 
cupremia and hypoceruloplasminemia and the 
presence of bizarre neurologic manifestations as- 
sociated with epilepsy. [his subject is the cousin 
of a patient with Wilson’s disease and he has 
subsequently been studied in detail and de- 
scribed elsewhere [73|. He is now completely 
asymptomatic, with none of the clinical mani- 
festations of Wilson’s disease | 24). In the present 
publication he is included with relatives in 
Table vin (subject G). Therefore it is concluded 
that the most reliable diagnostic feature of the 
disease is the presence of the characteristic 
corneal rings. In our own experience, the cornea! 
rings have always been present, even prior to 
the development of symptoms. The biochemical! 
abnormalities, at best, can only confirm the 
diagnosis. 


Wilson's disease. 


we listed one 


SUMMARY 


1. Total copper and ceruloplasmin concentra- 
tions have been determined in the serums of 
normal subjects, patients with Wilson’s disease 
and relatives of patients with Wilson’s disease. 

2. Total serum copper was determined in 205 
normal subjects. The mean value +1 standard 
deviation (S.D.) was 114 + 17.4 we./100 ml. In 
two subjects the values were 68 ywe./100 ml. 


Cartwright et al. 


The mean value +1S.D. in thirty-six patients 
with Wilson's disease was 61 + 20.8 we. 100 mil. 
In seven patients the values were within 2 S.D. 
of the normal mean. Five normal relatives of 
patients with Wilson's disease were found to 
have scrum copper values below 79 pe. 100 ml 

3. Caleulauion of ceruloplasmin values from 
the 205 normal scrum copper values gave a 
normal range, defined as +2 S.D.. of 23 to 44 
me. 100 ml. Ceruloplasmin was measured im- 
munologically in ten normal sulyects. The mean 
value +1S.D. was 44 1 ml. The 


mmmunologicalls determined values tor cerulo- 


4.0) ine 


plasmin in the two normal subjects with low 
scrum copper values were 14 to 22 me. 100 mi 
By the same method the mean value +1 S.D. in 
twenty-cight patients with Wilson's discase was 
9 + 5.2 me. 100 ml. In all twenty-cight patients 
the value was less than 25 me. 100 mil. Cerulo- 
plasmin values between 19 and 25 meg. 100 mi 
were observed in cight normal relatives ol 
patients with Wilson's disease 

4. Within the group of patients studied there 
was poor correlation between the ceruloplasmin 
concentration and the duration and severity of 
the clinical manifestations 

5. It is suegested that a decreased concentra- 
tion of ceruloplasmin is not the single uncom- 


plicated determinant of the disease. 
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Reviews 


The Closing Mechanism at the 
Gastroesophageal Junction 


GASTON VANTRAPPEN. M.D..7 E. Curnron Texter. Jr.. Currorp J. BARBORKA, M.D. 
and J. VANDENBROUCKE, 


Chicago, Illinois 


HE nature of the closing mechanism at the 
junction has been a matter 
of dispute since the eighteenth century (|/). 
Controversy exists concerning both the experi- 
mental observations and their interpretation. 
Even such apparently simple points as the 
presence or absence of an anatomic sphincter, 
or of a flap valve at the gastroesophageal junc- 
tion, or the presence or absence of a pinchcock 
action of the diaphragm has been confirmed by 
some and denied by others. 

There is general agreement that a Closing 
mechanism must exist. This is immediately 
apparent from an appreciation of the fact that 
there is a negative pleuroperitoneal and esopha- 
gogastric pressure gradient. The intraluminal! 
pressure of the stomach is from 10 to 25 mm. He 
higher than in the esophagus on inspiration, and 
on maximal inspiratory effort against the closed 
glottis, the pressure differential may rise to as 
high as 80 mm. Hg [2,3). If there were no 
mechanism to close the lumen between these 
two cavities, reflux of gastric contents into the 
esophagus would result whenever favored by 
gravity. 

A sphincter at the cardia was described by 
Helvetius | 4) in 1719. Contraction and relaxation 
of this sphincter could account for the unidirec- 
tional passage of food and fluids from the 
esophagus into the stomach and would, at the 


same Constitute a barrie against 
esophageal reflux. Sulsequent studies, however, 
revealed that there was lithe documented evi- 
dence in support of an anatomic sphincter and 
other explanations were sought. The oblique 
entrance of the csophadus into the stomach com- 
bined with the sharp angle formed by the left 
wall of the abdominal ecsophadcus and the right 
side of the gastric fundus were considered to 
constitute a flap valve which permitted the cass 
passage of food and liquids into the stomach 
| his valve was « onsidered « apable ol preventing 
reflux 5.0. A valve-like mechanism was also 
postulated based upon the behavior of the gastric 
mucous membrane. The mucosal folds about the 
cardiac orifice have the aspect of a rosette which 
could assist in preventing retrograde flow into 
the csophagus (7) 

Extrinsic factors have also been considered to 
have an essential role in the closing mechanimm 
The diaphragm, the diaphragmatic-csophageal 
tunnel could help 
relationships 


membrane, and the liver 
maintain the normal anatom« 
which are necessary for normal functioning of the 
closing mechanism. It has been suggested that 
the bundles of muscle surrounding the diaphrag- 
matic hiatus participate actively by pinching 
the esophagus shut by lateral compression, the 
so-called “pinchcock” action |4). Finally, more 
recent physiologic studies have led to the concept 
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of a physiologic sphincter which extends nor- 
mally from 1 to 2 em. above and 1 to 2 em. 
below the diaphragm % /2 

The purpose of the present report is to examine 
these theories and their experimental support, to 
discuss the interpretation of these observations, 
and to su¢gest other and perhaps more tenable 
working hy potheses. 


THE ANATOMIC SPHINCTER 


The question of the presence or absence of an 
anatonuc sphincter 
puUNCtiOnN would seem casy to resolve. However, 
literature on this point is very confused. Many 
authors who have expressed their opinion on this 


in the g¢astrocsophaccal 


problem detail a lone list of investigators who 
are for cr the exEtence of an anatoniic 
sphincter. The only evidence civen by many is 
the mere statement that they believe or do not 
believe im it 

According to Lendrum the anatomic 
sphincter w characterized ty a distinct ring ol 
circular muscles separated trom the adjoming 
muscles by Connective tissue septums. A dilator 
muscle, formed by longitudinal fibers, should 
be present and the thickened circular muscle 
should persist after the factor of spasm has been 
cluninated. Although rings of contraction and 
muscle thickening are frequently found at 
multiple sites along the gastrointestinal tract 
when cadavers are embalmed soon after death, 
these changes are not present during life. 

Based upon the anatomic studies of several 
investigators |/3-27)|, the following description 
of the muscle lavers at the qastrocsophagcal 
junction may be given. The longitudinal or 
superficial muscle layer of the esophagus passes 
through the gastroesophageal junction without 
causing a thickening at the cardia and without 
dipping into the circular layer. The circular, or 
internal, muscle layer of the esophagus also 
continues down to the stomach where it be- 
comes the mid-laver, which encircles the entire 
organ. The oblique fibers from the stomach 
form a U-shaped band that borders the cardiac 
incisura and extends downward, one arm lo- 
cated on the anterior and the other on the 
posterior surface of the stomach. These oblique 
fibers blend with the circular laver of the cardia. 

The majority of anatomists deny the existence 
of a definite muscular ring, resembling a sphinc- 
ter muscle | Several authors 
describe a sli¢ht thickening of the circular muscle 


layers of the lower csophagus. Conflicting 
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opinions are expressed as to the exact localization 
of this discrete muscle band. Some | /4,/6,20 
would locate it at the gastroesophageal junction. 
Others |22' consider it to extend over a distance 
of 1 to 1'4 inches, or even higher, to involve 
the whole lower third of the esophagus. Lerche 
(24, described two circular bands, one at the 
cardia and one about | cm. above the diaphragm. 

In summary, it is apparent that an anatomic 
sphincter, as defined by Lendrum [ 73), does not 
really exist at the cardia. What has been termed 
a sphincter represents cither a slight thickening 
of the circular layer of the esophagus or the ob- 
lique fibers of the stomach, none of which have 
the characteristics of a true anatomic sphincter. 


THE FLAP VALVE MECHANISM 


A flap valve, closing off the cardiac orifice, was 
postulated by Braune 5 and von Gubaroff [6 
as a result of their experiments on cadavers. Thev 
infused water through the esophagus, or through 
the duodenum into the stomach, after removing 
the upper portion of the trunk. The water re- 
turned through the esophagus only after large 
quantities had been forced into the stomach. The 
fundic wall was felt to be bulging into the 
esophageal lumen. The small resistance to 
flow from the esophagus into the stomach and 
the large resistance to retrograde flow suggested 
a flap valve mechanism at the cardia. This flap 
valve was thought to be formed by the sharp 
angle between the left wall of the lower esopha- 
gus and the right wall of the gastric fundus. His 
'28\ described this angle as the “incisura 
cardiaca” and reproduced photographs of 
stomachs following varying degrees of filling, 
which seemed to indicate that this angle de- 
creased with increased filling. 

The experiments of Braune [5) and von 
Gubaroff |6) have been repeated under more 
controlled conditions. In summarizing these 
observations, a distinction should be made 
between the experiments on cadavers or excised 
specimens, and experiments on living animals or 
human subjects. 

Kelling [29), after injecting air into the 
stomach of cadavers through a gastrostomy 
opening, found that the degree of filling neces- 
sary for the air to escape through the esophagus 
was quite variable. Marchand [30] found that 
the intragastric pressure necessary to induce 
reflux in young male cadavers was 28 cm. of 
water. The resistance to regurgitation at the 
cardia could be altered by changing the 
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anatomic conditions: Exclusion of the fundus 
from the remainder of the stomach reduced the 
required pressure to 9 cm. of water: removal of 
the organs surrounding: the esophagus decreased 
the resistance to reflux to less than 3 cm. ol 
water; removal of the left leaf of the diaphragm 
increased the resistance to 42 cm. of water. 
Marchand concluded that the oblique entry 
of the esophagus into the stomach acts as a 
flap valve when the stomach distends. Nauta 
'26|, in determining the pressure required to 
induce reflux in gastroesophageal! 
specimens, failed to demonstrate a_ valvular 


resect ed 


action at the cardia. Similar observations were 
reported by Adler and co-workers |3/), who 
found that fluid flowed from the stomach into 
the esophagus just as readily as in the reverse 
direction, even when the esophagogastric angle 
was reconstructed. Increased resistance’ to 
regurgitation was observed only if the right wall 
of the distal esophagus was stalilized against a 
non-movable object. 

Braune, von Gubaroftf and Kelling did not 
measure the pressure that the cardia was able 
to withstand. The resistance at the cardia 
was estimated from the amount of air or fluid 
that could be injected into the stomach without 
resulting in reflux. These 
pressures were measured in more recent studies, 
resulting in apparently contradictory data. A 
logical explanation for these apparently con- 
flicting results is offered by Adler's work | 3/ 
Removal of the organs surrounding the lower 
esophagus in cadavers may have the same effect 
as non-fixation of the right wall of the esophagus 
and stomach in excised specimens. An increase 
in intragastric pressure, under these circum- 
stances, will act on the right gastric and esophag- 
eal wall as well as on the left side, resulting 
in failure to form a “flap valve.” On the other 
hand, increased resistance after removal of the 
left leaf of the diaphragm may be explained by 
easier compression of the esophagus from the 
distended and bulging gastric fundus. This 
compression may be located at the height of the 
gastroesophageal angle, resulting in the forma- 
tion of a flap valve, or it may be at a higher level 
of the esophagus. Exclusion of the gastric 
fundus has the same effect as creation of a tun- 
nel. Under these circumstances, the force of an 
increase in intragastric pressure acts mainly 
and directly at the cardiac orifice {32). Reflux 
is inevitable if this force is sufficiently strong. 

The “cardia” offers little resistance to aboral 


gastroesophageal 
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flow and ereat resistance to retrograde flow in 
cadavers, in which the normal anatomic rela- 
lions are conserved, or in specimens with a 
fixed right gastroesophageal wall. This resistance 
can be changed by purely anatomic alterations 
As these characteristics rescmble the action of a 
Hap valve, it has been concluded that the closing 
mechanism at the cardia ts, in fact, a flap valve 
mechanism. Two objections may be raised to 
this conclusion: (1) although the facts strongly 
suggest a flap valve mechanism, this conclusion 
is based upon the similarity of action to a flap 
valve rather than on the actual demonstration 
ol a flap valve: and (2) even if a flap valve exists 
in cadavers or excised specimens, it scems 
untenable to draw physiolows conclusions trom 
experiments performed under these unphysio- 
low conditions 

Experiments have been carried amit 
dogs and human sulyjects in an attempt to 
avoid this problem. Kelling (24, prepared a 
gastric fistula in dows, and after four or five 
davs he injected air into the stomach, measuring 
the pressures at which air cs aped from the 
stomach into the esophagus. The unanesthetized 
animals usually actively regurgitated or vomited 
when the intragastric pressure reached 25 cm. of 
water. In the anesthetized annals, a pressure 7 | 
70 cm. of water against the gastroesophageal 
junction did not result im es ape of aur. Nauta 
26\| confirmed these observations and demon- 
strated that a pressure of 100 om. of water was 
required to force water from the stomach into 
the csophagus of living, anesthetized dogs. A 
pressure of only 15 cm. of water was sufficient 
lor flow to result in the opposite direction. Sever- 
ing of the left side of the diaphragmatic loop 
around the esophagus reduced the required 
pressure from 100 to 30 cm. of water. 

Schenk and Frederickson |33) found that the 
intragastric pressure necessary to produce open- 
ing of the cardiac sphincter and reflux into the 
esophagus was 40 cm. of water lightly 
anesthetized cats. Straightening of the qastro- 
esophageal angle did not result in a change in the 
pressure threshold. Adler and co-workers [37) 
observed that the cardiac angle itself was unable 
to prevent reflux if the right side of the esophagus 
was not stabilized against a non-movable wall. 
Esophagitis developed in dogs when the 
csophagogastric junction was removed, despite 
preservation of the acute csophagogastric angle 
and the diaphragmatic pinchcock [34,35). 
When the acute csophagogastric angle was 
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climinated without removal of the gastro- 
cophageal junction, csophagitis did not result. 
Marchand studied the extent of rewure@ita- 
thon in ten vound@ healthy male sulyects while 
applying external pressure of 120 cm. of water 
to the alxlominal wall. No reflux was noted in 
ten sulyects who were civen 500 mil. of thin 
barium. Rewureitation resulted in three sulyects 
given 1,000 mil. of barium and in five subjects 
given 1.500 ml. of barium. Marchand concluded 
that distention of the stomach is an important 
lactor in producing reflux of gastric contents. 
Neither intragastric pressure nor the gastro- 
esophageal angle were measured. The technic 
used byw Marchand is of limited value because 
pressure applied to the aldominal wall over the 
stomach ts transmitted throughout the peritoneal 
cavity to the viscera adjoining the stomach |’. 
li a flap valve is formed bw the cardio- 
cophageal angie, this angle should be acute 
when the gastric wall presses against the eso- 
phageal wall. However, the cardia may resist 
high intragastric pressure, even the cardto- 
angle is obtuse. In Dornhorst’s 
experiments 3, reflux did not result even 
though the esophagus made a neht angle with 
the @astric fundus. Further, the angle is com- 
pletels obliterated in patients with near total 
¢astrectomics, and vet the cardia often remains 
competent (32). Although patients with pneumo- 
wide angle, ne gastro- 


csophadeal 


peritoncum have a 
esophageal retlux was noted 

On the other hand, in the condition described 
as ““malpositions cardiotuberositaires” by Lortat- 
lacob | 39%), the obtuse cardioesophageal angle 
is often accompanied by gastroesophageal 
reflux. However, other faulty mechanisms 
have not been excluded in this disease entity, in 
particular, the position of the high pressure 
zone in relation to the diaphragm has not been 
determined 

In summary, the experimental observations 
during life indicate that the cardia offers a 
vreater resistance to retrograde than to aboral 
flow. The fact that a flap valve would act in a 
similar manner does not indicate that these 
characteristics are necessarily due to a flap 
valve mechanism. A definitive study correlating 
regurgitation with the gastroesophageal angle in 
human subjects has not vet been carried out. 


37, 38]. 


THE DIAPHRAGMATIC PINCHCOCK 


The esophageal hiatus of the diaphragm is 
formed by muscles derived from the right crus 
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of the diaphragm. Only in exceptional circum- 
stances do fibers from the left crus participate 
in its formation. The right crus usually splits 
into a superficial (anterior) and a deep (poste- 
rior) lamella. The superficial lamella forms the 
right margin of the hiatus and the deep lamella 
crosses to form the left margin of the hiatus | 47). 

A constricting action of the hiatal muscle upon 
the esophagus during inspiration was described 
by Sauerbruch and von Hacker | 42) in 1906. 
This has been called the diaphragmatic pinch- 
cock |4| because it is said to close off the lumen 
of the esophagus as the result of lateral com- 
pression. [he evidence in favor of the existence 
of a pinchcock mechanism has been based upon 
direct palpation of the lower part of the esopha- 
eus through a gastrostomy, during the course of 
experiments on animals, or during gastric 
operations on human subjects. Additional 
evidence has been supplied by observations dur- 
ing csophagoscopic and radiologic studies. 

Sauerbruch and von Hacker |42| described 
rhythmic contractions synchronous with inspira- 
tion on direct palpation of the gastroesophageal 
junction in dogs. These contractions were not 
abolished by section of the vagi in the cervical 
region, but disappeared upon severing the 
diaphragmatic hiatus. They were able to locate 
the contractions exactiv at the height of the 
diaphragmatic hiatus, by producing a small 
hiatal hernia, thus excluding a purely esophag- 
eal action. Joannides | 43) described this type of 
contraction as a progressively downward milking 
action which could be made stronger when 
diaphragmatic breathing became more forcible 
and which reached its maximum following 
faradic stimulation of the diaphragmatic crura. 

Feldman and Morrison |4/) were unable to 
confirm a true milking action of the diaphragm 
upon the esophagus, but described the sensation 
produced by diaphragmatic contractions as a 
tug against the palpating finger which was 
lessened when the hand moved in the direction 
of the movement of the diaphragm. 

Preservation of the diaphragmatic pinchcock, 
following resection of the gastroesophageal 
junction, did not prevent reflux in dogs [34], 
but splitting of the diaphragm and resection of 
the cardia from its heamentous attachments 
resulted in a decrease in the amount of intra- 
gastric pressure necessary to produce opening of 
the cardiac sphincter | 33). 

The observations on human subjects in 
respect to the action of the diaphragmatic 
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pinchcock are even more controversial than 
those on experimental animals. Some authors 
state that the muscular contractions of the 
pillars of the crura during inspiration can be 
felt by the palpating finger |45-47). Others deny 
this [3,30]. 

From the observations on dogs, it ts evident 


that there must be some kind of constriction ol 


the lower part of the esophagus during inspira- 
tion. The differences of opinion as to the exact 
nature of this constriction in dogs and the dispute 
concerning the presence or absence of such a 
mechanism in human subjects is probably due to 
one or more of the following factors: (1) the 
depth of anesthesia, the degree of muscular 
relaxation and the depth of respiration; (2) the 
tvpe of respiration, costal, thoracic or ab- 
dominal; (3) the size of the hiatus; and (4) the 
difference of the subjective impression of the 
various observers. 

The esophagoscopic evidence for a diaphrag- 
matic pinchcock was considered by Jackson |4 
to bé¢ so obvious that no dispute seemed possible. 
The esophageal lumen could be observed to 
open with inspiration and to close with expira- 
tion. This was especially noticeable at the level 
of the diaphragmatic hiatus. It is impossible, 
however, for the esophagoscopist to determine 
whether the observed narrowing is due to a 
‘ring-like’ contraction produced by the dia- 
phragm or to a “tube-like’’ compression result- 
ing from the increased intrabdominal pressure 
secondary to inspiration. 

The fact that a barium swallow may be held 
up at the level of the diaphragm on deep inspira- 
tion has been interpreted as an argument in 
favor of the constricting action of the diaphragm 
upon the esophagus. That the delay may occur 
well above the apparent diaphragmatic shadow 
does not invalidate this argument. By attaching 
metal clips to the hiatal walls, it has been shown 
that in some positions the diaphragmatic hiatus 
projects markedly above the diaphragmatic 
shadow [48]. On the other hand, the anterior 
portion of the diaphragm is higher and in many 
instances overlaps the zone of high pressure. 

A delay in the passage of barium on radio- 
logic study does not necessarily indicate that this 
delay is a result of the pinchcock action of the 
diaphragm. Intra-abdominal pressure increases 
and reaches a level well above intrathoracic 
and intraesophageal pressures on inspiration. 
This pressure differential is more than sufficient 
to explain the delay of passage of barium from 
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the esophagus to the stomach. Inspiration does 
not result in a ring-like obliteration of the 
esophageal lumen at the height of the diaphragm 
(49). Actually, the whole infra-diaphragmati« 
esophagus is empty suggesting that this entire 
segment is either compressed or contracted. 

The influence of diaphragmatic contractions 
upon the lower part of the csophagus has been 
studied by means of a sausage-shaped balloon 
which was filled with radiopaque fluid and 
introduced into the lower portion of the esopha- 
Normal respirations did not have a 
constricting effect Deep, 
forced respirations resulted in a complete ring- 
like obstruction of the lumen, suggesting com- 
pression by the diaphragmatic pillars. Failure of 
the intra-abdominal portion of the balloon to 
indicates that the force pro- 


gus 


upon the balloon. 


collapse merely 
duced by the diaphragmatic pinchcock ts more 
powertul than that produced by increased intra- 
abdominal pressure under these circumstances 

Phrenicectomy has been used to study the role 
of the diaphragm in the gastroesophageal clos- 
ing mechanism. The results of right phrenicect- 
omy are of limited significance for it is known 
that both the right and left phrenic nerves 
participate in the innervation of the bundles of 
muscle encircling the diaphragmatic hiatus | 57 
Following complete paralysis of the diaphragm 
secondary to bilateral phrenicectomy in dogs, no 
reflux of gastric contents resulted when the dogs 
were in the head down position or following 
increased intragastric pressure | 77), 

In summary, the evidence indicates that con- 
traction of the diaphragm during normal respira- 
tion does not seem to play an essential role in the 
prevention of reflux. The diaphragm may exert 
an indirect influence upon the “high pressure 
zone” 


Mk CARDIAC ROSETTE 


Closure of the cardiac orifice by folds of gastric 
mucosa which have the appearance of a rosette, 
was suggested by Magendic in 1833 [7). Kelling 
29) also observed occluding folds in the cardia 
during his regurgitation experiments on an- 
esthetized dogs. This concept was not accepted 
since the occluding folds could be demonstrated 
only rarely in postmortem specimens of animals 
or man. 

Unul recently, most of the evidence in favor 
of the cardiac rosette was of an indirect nature. 
Dornhorst [3] studied the closing mechanism of 
the esophagus by intraluminal pressure measure- 
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ments, roentgenograms, direct palpation of the 
cardia and lower portion of the esophagus during 
gastrotomy, during the course of gastric opera- 
ions, and by observation of the gastrocsophag- 
eal angle during regurgitation. He reported no 
evidence for cither a physiologic sphincter, a 
pincheock action of the diaphragm or a flap 
valve formed by the gastroesophageal angle. 
As the small resistance to forward pressure and 
the alnlity to resist retrograde flow in spite of 
much larger pressures suggested a valve mecha- 
nism, Dornhorst concluded that some sort of 
mucosal valve must exist. Creamer [53], on the 
basis of his observations on gastroesophageal 
reflux produced by carminatives, favored a 
similar mechanism. Carminatives result in 
hyperemia of the gastric mucosa which interferes 
with closure of the mucosal folds and thereby 
results in reflux. 

Direct observations in the cardia during life 
have been variously interpreted. Sinnhuber | 27) 
described the resting cardia of rabbits and dogs 
as a projecting papilla. However, Schreiber | 57) 
reported that the innermost surface of the cardia 
in rabbits did not differ from the adjoining 

47, found that the 
toward the Gastro- 


gastric mucosa. Feldman 
vastric rugae converged 
csophadeal orifice in dogs, an observation that 
was confirmed by Nauta | 26. 

The most extensive observations were those of 
Botha (32) who studied cadavers, several species 
of animals, and human subjects during life. By 
careful palpation of the cardiac orifice during 
the course of gastric observations, he found 
evidence of occluding folds in every patient. 
These folds were rarely seen in cadavers, 
presumably because of postmortem changes. 
Various types of folds were seen in animals, many 
of which resembled a rosette which constantly 
changed in shape, form and position. Although 
the changes appeared to be mainly dependent 
upon alterations in tone of the surrounding 
musculature, an active and independent tone 
was thought to be present in the folds, pre- 
sumably as the result of activity of the muscularis 
mucosac. 

The evidence in favor of a “mucosal valve” 
mechanism is not very conclusive. Dornhorst’s 
conclusions favoring a cardiac rosette were based 
upon the premise of the absence of a physiologic 
sphincter. Creamer did not study the effect 
of carminatives on the pressures of the lower 
csophageal segment and a relaxant effect 
upon the sphincteric segment was not excluded. 
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Botha’s observations leave little doubt that a 
cardiac rosette is present in many animals and 
man, at least during life. However, regurgitant 
esophagitis did not develop in any of the animals 
studied by Meiss, Grindlay and Ellis [34] in 
whom the mucosal rosette was eliminated. 

Anesthesia, transection or manipulation of 
the wall of the cardia may result in functional 
alterations in the cardiac region [27,32]. Botha 
maintained that the gastric folds about the 
cardia have muscular activity independent of 
the surrounding musculature which he at- 
tributed to the muscularis mucosa. The possi- 
bility that this activity is related to changes in 
tone of the lower esophageal segment has not 
been excluded. Tight contraction of any sphinc- 
ter usually results in converging folds of the 
overlying mucous membrane {55}. 

In summary, the evidence in favor of the 
mucosal valve is not sufficiently conclusive to 
indicate that it plays a primary role in the closing 
mechanism of the gastroesophageal junction. 


THE PHYSIOLOGIC SPHINCTER 


Although an anatomic sphincter has not been 
conclusively demonstrated at the cardioesophag- 
eal junction, the physiologic characteristics of 
this zone are those of a sphincteric mechanism. 
‘The term physiologic sphincter seems warranted. 

The older data suggestive of a sphincteric 
action include the demonstration that the cardia 
is normally closed, but that this closure can be 
made incompetent by reflex means as evidenced 
by regurgitation, and that various gastric stimuli 
increase the resistance to gastroesophageal! 
reflux {56}. The resting lower esophageal seg- 
ment is normally closed at esophagoscopy 
'27,57,58\. Direct observation of the cardia from 
the gastric side has led to the same conclusion 
32,44). Lesions caused by ingestion of lye do not 
occur in the lowermost 2 or 3 cm. of the esopha- 
gus. This has been interpreted as being indica- 
tive of a state of normal “‘closure” of this seg- 
ment. However, the irritating effect of lye may 
induce spastic contractions of the lower portion 
of the esophagus, tending to invalidate this 
argument. Radiologic examination of the resting 
esophagus also reveals that the lowermost seg- 
ment is empty. 

All these observations indicate that the lower 
esophageal segment normally is closed but they 
give no indication as to the mechanism of this 
closure. Closure could result from either tonic 
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contractions of the esophageal musculature 
or as a result of other factors. 

Arguments in favor of the reflex opening ol 
this closed segment are found in several older 
investigations. Regurgitation from an air- or 
fluid-filled stomach in animals occurs when the 
lower esophageal wall is sumulated mechanically 
by a gastric tube, without the tube reaching the 
sphincteric zone |42,41,56|. Swallowing or 
distention of the esophagus has a similar effect 
|27,57,58\. Vagal stimulation lowers the threshold 
of intragastric pressure necessary to produce 
opening of the cardiac sphincter | 33). Regurgita- 
tion from the barium-filled stomach may occur 
if the abdominal pressure is sufliciently in- 
creased |30|. These data indicate that swallow- 
ing, distention or stimulation of the esophagus 
facilitates regurgitation but they do not clearly 
delineate the mechanism responsible for this 
regurgitation. 

The resistance at the cardia to either aboral 
flow into the stomach or to gastroesophageal 
reflux can be increased by reflex means. The 
pressure required to force fluids from the esopha- 
gus into the stomach was increased when the 
region of the cardia was stimulated chemicalls 
or mechanically in human subjects (56). 
Distention of the gastric wall, irritation of the 
gallbladder and distention of the intestines 
result in an increase in cardiac tone as measured 
by the balloon-kymograph system (59). Cannon 
(60) showed that rhythmic gastroesophageal 
regurgitation occurred after the infusion of 180 
ml. of a radiopaque fluid into the stomach of 
cats. regurgitation could be strongly 
inhibited by increasing the acidity of the gastric 
contents. Carlson and Luckhardt |6/) demon- 
strated that gastric air is not forced into the 
esophagus during forceful gastric hunger con- 
tractions and that the resistance to the with- 
drawal of a distended balloon about the size of a 
finger was distinctly increased at the height of 
such hunger contractions. 

The observations of Jourdan and Faucon 
62,03, favor the concept of a_ physiologic 
sphincter at the lower end of the esophagus. 
They studied the transport of barium in the 
esophagus of dogs after bilateral vagotomy with 
and without excision of both stellate ganglia 
and concluded that the lower 4 cm. of the 
esophagus acts as a separate unit capable of 
opening and closing by reflex means. Fyke, Code 
and Schlegel [9| demonstrated a zone in the 


lower end of the esophagus where the resting 
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pressures are higher than in the gastric fundus 
regardless of the position of the subjects. (Fig. 1.) 
This zone has been termed the “high pressure 
zone.” The pressures in this seament, which 
extend from 1 to 2 em. below the diaphragm 
to 1 to 2 cm. above the diaphragm, are such 
that during both phases ol respiration there 
is an area of high pressure between the stomach 
and the esophagus. The pressures in this zone 
fall 1.5 to 2.5 seconds alter the onset of de- 
gluuuon, thus abolishing this barrier. This 
decrease in pressure lasts from five to six seconds, 
until a peristaltic wave reaches this seement. 
These observations have been confirmed by a 
number of investigators Further 
confirmation has resulted trom studies using 
simultaneous intraluminal pressure measure- 
ments with fluorocinematography Dis- 
tention of the esophagus, secondary contractions 
05,07 |, or taking liquids into the mouth (68) may 
result in a decrease in pressure in this zone. A 
sphincteric zone operating similarly at the 
esophagogastric junction has been demonstrated 
in dows 

The resting pressures in this zone have been 
interpreted as being the result of tonic contrac- 
tion of the circularly arranged muscle fibers in 
this segment (9). Subsequent studies of Kelley, 
Schlegel and Code |7V) indicate that the upper 
portion of this zone is characterized primarily 
by relaxation whereas the lower portion of this 
zone is Characterized primarily by contraction. 

The high resting pressures of this zone might 
also be attributed to external compression. The 
fall in pressure following deglutition or other 
stmuli might result from a reflex abolition of 
this compression. The diaphragm ts the only 
organ capable of participating in such a mecha- 
nism. Physiologic studies on patients with sliding 
hiatal hernia have indicated that the high pres- 
sure zone, when present, is found at the punction 
between the esophagus and the herniated 
stomach |52,7/). At this site, a localized narrow- 
ing is often seen radiologically [52,72,73), and 
there is a weak barrier to regurgitation from the 
herniated stomach into the esophagus 52,77). 
These observations strongly corroborate the 
concept that an intrinsic esophageal sphincter 
mechanism is responsible for the high pressure 
zone. 

Further evidence in support of the view that 
an intrinsic sphincter mechanism ts normally 
present is afforded by the observations on pa- 
tients with scleroderma who, despite the normal 
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Fic. 1. Mean resting pressures at the gastroesophageal junction plotted in relation to fundic 
pressure in centimeters of water. Study of nineteen healthy persons. (From: Cope, C. F., 
B.. Arsen, A. Donocnuve, F. E. and Anperson, H. A. An Atlas of 
Esophageal Motility in Health and Disease, p. 47. Springfield, Ill, 1958. Charles C 
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anatome relationship between the  gastro- 
esophageal vestibule and the diaphragm, have a 
decrease in, or absence of, the high pressure 
yone at the gastrocsophagcal This 
physiologic alteration is a result of sclero- 
dermatous changes of the esophagus | /2,74,75). 
Gastroesophageal reflux is exceedingly common 
in this group of patients. 

Fyvke, Code and Schieee! demonstrated 
that the high pressure zone is below the dia- 
phragm at the height of inspiration and partly 
below but mostly above the diaphragm at the 
end of expiration. (Fig. 2.) When the diaphragm 
descends on inspiration, the high pressure zone 
also descends, and when the diaphragm moves 
upward, on expiration the high pressure zone ts 
found mainilv above the diaphragm. In order 
to explain the curious behavior of the high pres- 
sure zone, the definition of this zone as given by 
Fyke et al. (9) might be recalled; namely, that 
this is the segment of the lower portion of the 
csophagus where the resting pressures are higher 
than pressures in the gastric fundus. 
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The pressures in the lower part of the esopha- 
gus result not only from the state of contraction 
of the esophageal wall, but also are greatly 
influenced by extraesophageal respiratory pres- 
sure variations in the thoracic and abdominal 
cavities. If it is accepted that the physiologic 
sphincter is normally in a state of tonic con- 
traction; and, if it is further accepted that this 
contraction is such that the extraesophageal 
respiratory variations can have an influence on 
intraesophageal pressures in this segment, then 
the changes in the pressures in this segment be- 
come more understandable. On_ inspiration, 
intrathoracic pressure decreases and results in a 
decrease in the lateral pressure surrounding the 
superdiaphragmatic portion of the physiologic 
sphincteric segment. The pressures of the infra- 
diaphragmatic portion of the sphincteric seg- 
ment not only escape the influence of the 
increased negative pressure of the thorax during 
inspiration, but also are reinforced by the 
greater positive intra-abdominal pressure during 
this phase of respiration. (Fig. 3.) This appears 
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Fic. 2. End-expiratory pressures (left) and end-inspiratory pressures (right) un the gastrocsophagcal region in relation to 


fundic, esophageal, and atmospheric pressure in millimeters of mercury. 
J. 95: 592, 1958 (57) 
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Fic. 3. Schematic diagram indicating the effect of extra- 


-6mm Hg 


esophageal pressures on the behavior of the high pres- 
sure zone in relation to respiration. L//f, inspiration 
Right, expiration. 


to account for the fact that the high pressure 
zone is below the 
inspiration. On expiration, the reverse situation 
‘Intrathoracic 
resulting in an increase in pressure 
supradiaphragmatic portion of the 
sphincteric segment. It is evident, therefore, 
that the physiologic 
located beneath the diaphragm at the end ol 
inspiration but is sull partly below and partly 
above the diaphragm. However, only the pres- 
sures in the infradiaphragmatic portion are 
higher than those recorded from the 
fundus. At the end of expiration only the infra- 
diaphragmatic portion of the physiologic sphinc- 
ter corresponds to the high pressure zone. At 
the end of expiration the physiologic sphincter 
also consists of both a supra- and infradiaphrag- 
matic component. However, the highest pres- 


diaphragm at the end of 


exists. become less 


negative. 


pressures 
in the 


whole sphincter is not 


vastric 


sures are recorded from the supradiaphragmatic 
portion. 

Respiratory pressures accompanying inspira- 
positive 


tion result in a deflection when 


From: Vantearres, G., Larwer, M. D., 


the intracsophageal catheter is located below the 
diaphragm, and a negative defleciion when the 
catheter located above the diaphragm lhe 
point where reversal takes place has been as- 
sumed to correspond to the level of the diaphrag- 
matic hiatus. When a pressure sensitive device 
is placed just below this level, a biphasic deflec- 
tion is often observed on deep inspiration lhe 
initial positive respiratory wave reverses and 
becomes nevative during continued 
On deep inspiration the catheter Up appears to 
pass from the peritoneal cavity into the thoracn 
The most likely explanation for this 
phenomenon diaphragm 
pinches off the esophageal lumen, even during 
Hlowever, fit is assumed 


portion of 


assumes that the 


normal respiration 
that the entire infradiaphragmat« 
the csophagus is normally collapsed, not only as 
the result of diaphragmatic contraction, but also 
as the result of high lateral intra-abdominal 
pressure, pinching off of the esophageal lumen 
would not be necessary to explain the observed 
lacts. On inspiration, the diaphragm descends, 
and the uppermost part of the initially infra- 
diaphragmatic collapsed scament becomes su- 
pradiaphragmatic and escapes the higher intra- 
abdominal pressure. Although this appears to be 
a tenable working hypothesis, further experi- 
mental and radiologic confirmation will be 
required. 

The fact that the pressure in the physiologic 
sphincter gradually increases upon approaching 
the diaphragmatic hiatus and reaches a maxi- 
mum at this level has not vet been adequately 
explained. Diaphragmatic compression can be 
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bia. 4. Schematic diagram of the anatomy of the gastroesophageal junction according to Lerche [24] and others. 


excluded as a possible cause, for even at the 
end of expiration when the diaphragmatic 
hiatus should be open, the point of maximum 
pressure ts still at this level 

Lerche’s |2/) observations have provided an 
anatomic setting which has been correlated with 
Lerche’s studies 
led to the description of the gastroesophageal 
vestibule, a dilatation extending trom the cardia 
to lem. above the diaphragm. Lerche described 
two sphincters, one at the proximal end of the 
vestibule which he termed “the lower csophageal 
sphincter,” and one at the distal end, which he 
termed “the constrictor cardiac.” As already 
noted, it is evident that what he terms a sphincter 
does not represent a true anatomic sphincter 
in the sense that it is a distinct muscular segment 
enclosed in a fascial sheet. In addition, Lerche 
described another dilatation above the level of 
the vestibule which he termed the “ampulla.” 
(Fig. 4.) 

Although the Lerche nomenclature has been 
used by many investigators | 2, /0-12,37,51,65,60, 
76), the terminology of the distal esophagus and 
csophagogastric junction remains confused. This 
confusion has existed since 18358 when Arnold 
(77) described two furrows in the lower part of 
the csophaqus which contained between them 
an expanded structure of the csophagus. The 
lower furrow was probably the structure we 
today consider the cardia and was previously 
known as “Arnold's furrow.” The second fur- 
row was situated about 3 cm. orally but the 
level of this furrow in relation to the diaphragm 
was not stated. Arnold considered the expanded 
portion of the esophagus to be the human coun- 
terpart of the anterior stomach of the ruminat- 


the physiologic observations 
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ing animal and termed this structure the 
“vormagen. 

Luschka (78|, in 1857, described the lower 
portion of the esophagus as having two forms. 
One form was identical with that described by 
Arnold except that Luschka placed the upper 
furrow of Arnold at the level of the diaphragm 
and termed the expansion between the two 
furrows as the “cardiac antrum.” The second 
form included all the characteristics of the first 
with the addition of a second expansion of the 
esophagus above the level of the diaphragm. He 
termed this expansion the “vormagen.”’ Thus 
Luschka calls Arnold’s “vormagen” the “‘cardiac 
antrum” and applies the term “vormagen” 
to the second dilatation above the diaphragm. 
In 1901, Schreiber [79] introduced the term 
“epicardia™ for the lowermost 4 to 5 cm. of the 
esophagus above the diaphram. This area was 
subsequently termed the “epiphrenic bell” [80). 
Templeton |87) notes that Hasse and Strecker 
82), in 1905, were probably the first to publish 
the term “phrenic ampulla” as a designation for 
the dilatation of the esophagus above the dia- 
phragm. This term came into common usage by 
radiologists. Poirier et al. |83| used the term 
“entonnier terminal” for the “cardiac antrum”’ 
and the term “‘fusseau-bronco-diaphragmatique”’ 
for the dilatation above the diaphragm. An 
attempt has been made to correlate these terms 
with the Lerche terminology in Figure 4. 

According to Templeton [84,85] the vestibule 
of Lerche corresponds to what has been termed 
the ampulla by radiologists. The. ampulla of 
Lerche is the site where the esophageal peristalsis 
slows down as observed radiologically and by 
manometric measurements [2,9]. 
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The conclusions of Lerche as to the functional! 
phenomena were based upon anatomic dlis- 
sections. Correlations with roentgenographic 
and other in vivo findings were unimpressive. The 
question remains unanswered as to whether the 
vestibule, inferior esophageal sphincter or 
cardiac sphincter could be demonstrated im vive. 
Wolf and co-workers | 76, described two narrow- 
ings of the esophagus at its junction with the 
stomach in their radiocinematographic studies, 
a proximal one termed “A,” a distal one termed 
“B.” The distal narrowing was observed only in 
the presence of a direct hiatal hernia since nor- 
mally the distal narrowing ts located in or below 
the diaphragm and is therefore limited in 
distensibility by extrinsic factors. They con- 
cluded that the vestibule of Lerche corresponded 
to the high pressure zone. Although this as- 
sumption seems reasonable, it sull awaits con- 
firmation by combined radiocinematographic 
and pressure studies. 

The problem of the identity of Lerche’s vestu- 
bule and the radiologic ampulla remains 
unsettled. The vestibule extends from the level 
of the cardia to 1 to 2 cm. above the diaphragm. 
The radiologic ampulla extends from the level 
of the diaphragm (or of the lower csophageal! 
sphincter) to several centimeters higher up. 
If these terms mean the same thing it must be 
assumed that at the moment of formation of the 
ampulla no abdominal esophagus exsits. Al- 
though this is not impossible, it has not been 
proved. 

On the other hand the constriction at the apex 
of the radiologic ampulla appears to move down- 
wards [87) resulting in a diminution of the size 
of the ampulla. When this is due to a constrict- 
ing ring that progresses distally and not to a 
contraction of the ampulla as a uni, then the 
radiologic ampulla carninot correspond to an 
anatomic entity, or to a high pressure zone with 
more or less constant dimensions. Further studies 
will be required to clarify this point. 

The high pressure zone probably corresponds 
to the vestibule of Lerche. The ampulla ol 
Lerche may: correspond to the site of slowed 
peristalsis. It is possible that the radiologic 
ampulla corresponds to the vestibule of Lerche, 
but this is rather unlikely. 

In summary, the studies seem to indicate that, 
from the standpoint of functional anatomy, the 
lower few centimeters of the esophagus have 
definite characteristics, permitting one to recog- 
nize this area as a functional unit, different 


lantrappen et al. 


from the remainder of the esophagus. This area 
has been characterized physiologically as a 
sphincter, but the physiologic findings have 
not been satisfactorily correlated with the 
anatomic observations or with the radiologic 
data. The physiologic sphincter appears to play 
the major role in preventing gastrocsophageal 
reflux. 


SUMMARY AND CONCLUSIONS 


Several mechanisms have been suggested to 
explain the absence of gastrocsophageal reflux 
despite a negative pleuroperitoneal pressure 
gradient. These include: an anatomic sphincter, 
a flap-like mechanism, a pinchcock action of the 
diaphragm, an occluding rosette of mucosal 
folds and a physiologic sphincter. The experi- 
mental and climeal data relating to cach ol 
these factors have been reviewed and discussed 
The following conclusions may be drawn 

1. A distinct anatomic sphincter does not 
exist at the cardioesophageal junction. A 
shaped band of mus le hiiers derived rom the 
oblique fibers of the stomach ts a constant 
finding at the cardiac incisura. Contraction ol 
these muscle bundles may result in closure 
ol the cardiac once 

2. A flap valve has never been convincingh 
demonstrated, The experiments on cadavers or 
excised specimens are of littl value because neo 
conclusions as to function during litle can be 
drawn. Although a ditlerence m resistance to 
aboral and retrowrade flow ts found in living 
animals and man, it has not been established 
that this is a result of a fap valve mechanism 
In addition to the lack of convincing evidence 
for a flap valve mechanism, other factors rendet 
the study of this problem dithceult. Resistance 
of the lower csophageal sphincter to aboral 
flow cannot be measured because reflex relaxa- 
tion of the sphincter precludes this measurement 
The tonus of the physiologic sphincter may 
increase following gastric stimuli, presumably as 
the result of reflex contraction 

3. A pincheock action of the diaphragm 
probably does not exist except during deep 
inspiration. The delay of barium transport 
above the diaphragm, which is observed roent- 
genologically, is probably caused by the differ- 
ence in gastroesophageal pressure. Although 
esophageal constriction by the diaphragmatic 
hiatus may play a role in the prevention ol 
regurgitation during deep inspiration, the 
diaphragmatic constriction is not essential for an 
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etheient closing mechanism. Reflux does not 
occur during expiration while in the head-down 
position and reflux occurs only during inspira- 
tion when the constricting action of the dia- 
phragm should be minimal. Bilateral phrenect- 
omy does not result in reflux cither in the 
head-down position or following application 
of increased intragastric pressure. 

4. During life, a rosette of mucosal folds can 
be demonstrated about the cardiac orifice in man 
and in many species of animals. This arranee- 
ment of the gastric rugac changes in shape, form 
and position. It is not clear whether this change 
is a result of an alteration in tone of the lower 
esophageal seament or due to the action of the 
muscularis mucosac. The role of the rosette in 
the closing mechanism of the esophagus cannot 
be much more than to secure a water tight seal 
of the cardiac ortiice which has already been 
Closed by another mechanism 

5. Intraluminal pressure studies clearly dem- 
onstrate that the lower few centimeters of the 
esophagus act as a physiologic sphincter. The 
high resting pressures in this segment appear to 
be the result of tonic contractions of the cir- 
cularly arranged muscle fibers. Several stimuli 
result in a fall in pressure in this zone probably 
as the result of reflex relaxation of these muscles. 
[he pressures in this sphincteric segment are 
such that during cach phase of respiration the 
whole zone or part of it acts as a barrier against 
gastroesophageal reflux. This barrier against 
reflux has been termed “the hich pressure zone” 
because the pressures are higher than those in 
the gastric fundus. At the end of inspiration only 
the infradiaphragmatic portion of the physio- 
logic sphincter acts as a barrier against reflux. 
\t the end of expiration the whole physiologic 
sphincter fulfills this function. The  infra- 
diaphragmatic portion of the physiologic sphinc- 
ter is the more important one since it is the only 
portion that prevents reflux at the moment 
when regurgitation is strongly favored by the 
hich peritoneal-pleural pressure gradient. The 
normal anatomic relationship between the 
diaphragm and esophagus resulting in a portion 
of the physiologic sphincter being located below 
the diaphragm, appears to be important for 
proper functioning of the closing mechanism. 

6. Although the high pressure zone appears to 
play the primary role in the closing mechanism 
at the gastroesophageal junction, it is unlikely 
that it is the only factor involved. 

7. The terminology relating to the lower few 
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centimeters of the esophagus remains confused. 
It is probable that the high pressure zone and the 
gastroesophageal vestibule are identical. [This 
zone with its adjoining sphincters appears to act 
as a unit. The relationship between the vestibule 
and the radiologic ampulla remains controversial. 
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Gallop Rhythm of the Heart: 


I. Atrial Gallop, Ventricular Gallop and Systolic Sounds 


Josepu GRAYZEL. M.D.T 
New York. New York 


URING the one hundred vears since the first 
1) description of cardiac gallop rhythm a 
variety of extra heart sounds, both systolic and 
diastolic, have been placed in this category. 
“Triple rhythm” and “gallop rhythm” are 
often used synonymously and interchangeably 
to denote the presence of a sound in addition to 
the normally occurring first and second heart 
sounds. Most observers do not include in this 
category the extra sounds caused by asynchro- 
nous Closure of valves, Le., splitting of the first 
or second heart sound. Even with this restriction 
gallop rhythm includes many sounds, each with 
a different etiology and representing as many 
different cardiac events. Lacking specificity 
as a descriptive term, gallop rhythm has little 
clinical implication or significance and no 
unique hemodynamic meaning. 

The advent of simultaneous phonocardiog- 
raphy, electrocardiography and mechanocar- 
diography (i.e., pressure recordings, ky mography 
and ballistocardiography) has provided greater 
understanding of cardiac events and their asso- 
ciated sounds. Although admittedly incomplete, 
our present knowledge dictates a re-definition 
of nomenclature so that descriptive terms will 
be conceptually unique and thereby possess the 
specificity desired by physiologist and clinician 
alike. 

A useful definition is as follows: Cardiac 
gallop is a mechanical hemodynamic event 
associated with a relatively rapid rate of ven- 
tricular filling and accompanied by a ventricular 
bulge and a low-frequency sound. 

From this definition several features of the 
cardiac gallop are evident. First, ventricular 
filling occurs during diastole and hence a gal- 
lop is diastolic in time. Systolic sounds of any 


origin are thereby excluded from the category of 
gallop and must be appropt ately named 

Second, of the five divisions of diastole 
protodiastole of Wiggers, isometric ventricular 
relaxation, rapid ventricular filling, slow ven- 
tricular filling and atrial contraction —a rela- 
uvely rapid rate of ventricular filling occurs 
only during two of these periods, namely, 
(1) the rapid filling phase, which follows im- 
mediately upon opening of the A-V valve, and 
2) the atrial phase, which follows contraction 
of the upper chamber. We can convenient, 
and descriptively name the gallops associated 
with these two periods as rapid filling (or ven- 
tricular) gallop and atrial gallop. The desiena- 
uion of the rapid filling gallop as *protodiastolic™ 
is an unfortunate misnomer as the gallop does 
not occur during the physiologic protodiastolic 
period. Both the rapid filling gallop and the 
atrial gallop may be generated in cither ven- 
tricle. Therefore, it is desirable to specify 
whether the gallop originates from the right 
or leit side of the heart. 

Third, a gallop may occur at any heart 
rate and ts in no way restricted to periods of 
tachycardia. 

Fourth, the associated mechanical aspects of 
the gallop may be recorded and are useful in the 
recognition and understanding of the gallop. 
The electrokymogram has demonstrated ab- 
normal expansive movements of the left ventric- 
ular border which are related to the gallop sound 
/.2). These diastolic inflections are detected 
more regularly by slit roentgenkymography than 
by electroky mography 

Large ballistic forces directed toward the 
right shoulder occur at the time of gallop [3,4) 
and may be of differential diagnostic value 
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‘Timme Interwals* (sec.) 


Fundamental! 


( 86 » Heart Kate Frequency of 
atient 
No. Gallop Sound 
ats als P-K (€.p.s.) 
4 W. B. “i 14 16 20 10 50 
0.072 
average) average, only cases 1-6) 
*P — aG = interval from omet of P wave to onset of atrial gallop 
My 1 = interval from onset of atrial gallop to the fist heart sound. 
P-K conventional clectrocardiographie interval 
() — | = interval from onset of (QRS complex to the first heart sound. 


between the gallop and other sounds. In the 
same patient the ballistocardiogram has often 
recorded a gallop wave larger than the waves 
of ventricular systole. When the chest wall is not 
excessively thick the localized gallop thrust 
can be appreciated at the chest surface by 
inspection palpation. Variations in the 
physical properties of chest walls naturally 
affect the ease with which these thrusting forces 
can be sensed at the surface. When a gallop 
bulge appears on the surface of the chest the 
apex cardiogram affords an casy method for 
recording this movement 

Gallops bear a detinite relation to portions of 
the jugular phiebogram. The rapid filling or 
ventricular gallop coincides with the Y descent 
of the V wave. The atrial gallop follows the A 
wave by a short interval (0.07 second) [35). 
Thus a sound is only one manifestation of a 
mechanical event we call the gallop. 


or 


ME 


Simultaneous phonocardiogram-celectrocardiogram 
and phonocardiogram-apex cardiogram were re- 
corded on a Sanborn Twin-beam model 62 at a 
paper speed of 75 mm. second with time lines every 
0.04 second. Patients were in the supine position, 
occasionally turned slightly toward the left side to 
accentuate precordial pulsations. 

Local precordial movements were recorded from 
the chest wall in the region of maximum cardiac 
pulsation (inaccurately termed apex cardiogram) 
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by placing a spherical cup against the chest wall to 
form an air-tight seal between the circular cup edge 
and the skin. Changes in air pressure effected within 
the cup by local movements within were transduced 
by a piezoelectric device. An upward deflection on 
the tracing represented outward movement of the 
thoracic surface. 

Phonocardiograms were recorded simultaneously 
with each of the three standard bipolar extremity 
leads. The onset of a gallop sound was taken as the 
start of its first vibration. The onset of the first heart 
sound was taken as the onset of the first high-frequency 
component of this sound. In patients with atrial 
gallop the interval between onset of the P wave and 
the atrial gallop sound was measured employing 
the standard bipolar limb lead which demonstrated 
the earliest onset of the P wave. This was determined 
by the longest interval among the three limb leads 
from the onset of the P wave to the atrial gallop, and 
therefore, also to the first heart sound on the simul- 
taneous phonocardiogram. In most instances limb 
lead u was emploved. 


\TRIAL GALLOP RHYTHM 


Observations 


Atrial gallop sounds were recorded in eight 
patients. In six of these the atrial gallop was the 
only additional heart sound. In two patients 
both atrial and rapid filling gallops were present; 
these two are described elsewhere [6]. Time 
intervals within each cardiac cycle associated 
with the atrial gallop in these eight cases appear 
in Table t. 
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Fic. 1. Case 1. A, simultaneous phonocardiogram and 


electrocardiogram, lead 1. B, 
cardiogram and apex cardiogram (ACG). The low- 


sumultlancous phono- 


frequency atrial gallop (AG) precedes the electrical QRS 
complex and is simultaneous with a gallop movement of 
the apical region, recorded as a small summit (AG) on 
the apex cardiogram. Ihe minute heart rate is 65 


Case 1. W. H. was a fiftv-one vear old Negro 
man with essential hypertension. The blood pressure 
was 280 130 mm. Hg. [There was questionable left 
ventricular hypertrophy but no evidence of heart 
failure. A localized presystolic impulse could be seen 
and felt at the point of maximum cardiac pulsation 
and a corresponding low-pitched sound was audible 
An electrocardiogram gave evidence of left ventricular 
hypertrophy with tall QRS complexes and S-T see- 
ment and IT wave abnormalities 

The phonocardiogram (Fig. 1A) showed the loud 
presystolic sound with a fundamental frequency of 50 
c.p.s. The gallop preceded the QRS of the electro- 
cardiogram and occurred simultaneously with a small 
summit on the apex cardiogram. (Fig. 1B.) 


Comment: The only evidence of mvocardial 
disease was the presence of an atrial gallop 
rhythm and electrocardiographic abnormalities 
indicative of left ventricular hypertrophy. Heart 
failure was absent. 


Case 2. C. 
man with well documented hypertension for many 
vears. At the time of study the blood pressure was 
130/94 mm. Hg. Grade 2 hypertensive retinopathy 
was present. [here was slight left ventricular hyper- 
trophy, confirmed by teleroentgenogram which also 
demonstrated a tortuous, clongated aorta. A promi- 
nent presystolic impulse was present at the area of 
maximal apical pulsation. The simultaneous low- 
pitched gallop sound was soft. The electrocardiogram 
revealed left deviation of the axis of QRS with in- 
verted TI waves in leads n and 11. 


H. was a sixty-five vear old Negro 
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Fic. 2. Case 2. A, simultancous phonocardiogram and 
clectrocardiogram, lead m1. B, sumultancous phonocardio- 
gram and apex cardiogram (AQG). The atrial gallop 

begins prior to the onset of the QOKS complex and 
sumultancous with a upw ard detiectron on the 
apex cardbogram, which represents a laree forward apical 
movement. [he minute heart rate « 6 


2A) demonstrated the 


onset of the gallop sound just to the first deties 


\ ardiogram (bie 


ol (ORS in the simultancous clectru ardweram 
apen ardwoeram (bie 2B) illustrated the 


prominence of tle stole ventricular bulge 


Comment I his patient had long-standing 
systemic hypertension with resultant myocardial 
hypertrophy. Despite a normal blood pressure 
at the time of the recording the atrial gallop 
persisted It therelore, that 


secondary mvocardial changes rather than an 


would appear, 
elevated blood pressure fer » are essential to the 
production of the gallop 

In this patient the mechanical feature of the 
gallop, i.c., the ventricular bulee, was more 
prominent than the acoustic feature. There was 
no evidence of heart failure. The left ventricle 
was hypertrophied 


Case 3. R.S.. a fifty-seven vear old white man, was 
seen because of a mild acute episode of bronchial 
asthma known to be evident for more than twenty 
years. Hypertension was well documented during the 
last seven of these. After subsidence of the acute attack 
physical examination revealed a blood pressure of 
170/90 mm. He. There was mild emphysema 
manifested by increased anteroposterior diameter of 
the chest and hyperresonance. The heart was not 
enlarged and the cardiothoracic ratio on roentgeno- 
graphic examination was 15:31. A cardiac impulse 
was not visible and barely palpable due to the emphy- 
sema. A low-pitched presystolic gallop sound was 
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Fic. 3. Case 3. Simultaneous phonocardiogram and clec- 
trocardiogram emploving limb leads t and m (A and B, 
respectively). The atrial gallop (aG) « clearly seen with 
each beat and momentarily absent when 
4 premature ventricular contraction occurs. This illus- 
trates the necewuty of an efieective presystolic left atrial 
contraction for the production of thw presystole gallop, 
although the gallop itself generated within the Iieft 
ventricle. The minute heart rate w 73 


audible in the apical region here were no siens of 
heart failure. An electrocardweram revealed tall 
(ORS complexes and the S-T seement and T wave 
abnormalities characteristic of left ventricular hyper- 
trophy 

A phonocardiogram (Fig. 5) demonstrated the 
presvstolic gallop sound with a fundamental fre- 
quency of 40 ¢.p.s. The presystolic gallop was present 
in all sine-atrial beats but absent with premature 
ventriular contractions 

Cardiac catheterization recorded normal pressures 
within the rieht side of the heart. including normal 
pulmonary artery and wedge pressures 


Comment: A ventricular bulee could not be 
detected through the emphysematous chest. 
Atrial contraction prior to ventricular systole ts 
necessary for the production of the gallop, as 
evidenced by absence of the gallop whenever the 
ventricles contracted prematurely. 

In a patient with chronic pulmonary disease 
the possibility of secondary pulmonary hyper- 
tension leading to a right atrial gallop was con- 
sidered. Normal pulmonary artery pressures 
ruled this out. The normal pulmonary wedge 
pressure indicated a normal left atrial pressure. 
This provides objective evidence that left- 
sided heart failure was not present. The evi- 
dence for left ventricular ny was 
electrocardiographic. 
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Fic. 4. Case 4. 


and electrocardiogram, lead u. 


A, simultaneous phonocardiogram 
The long P-R interval 
‘0.20 second) and ()-1 interval (0.10 second) result in a 
wide separation between the atrial gallop (AG) and the 


first heart sound (aG-1 interval = 0.16 second). This is 
expressed by equation (2) in the text. B, simultaneous 
phonocardiogram and apex cardiogram (ACG) demon- 
trating the prominent forward apical movement with 
each gallop sound. The minute heart rate is 77 


Case 4. W. B. was a sixty vear old white man 
whe had had hypertension for more than twenty 
years. During the previous three years he had experi- 
enced frequent episodes of angina and suffered two 
myocardial infarctions. At no time had dyspnea 
or other evidence of heart failure appeared. The blood 
pressure was 195 110 mm. Hg. The lungs were clear. 
Moderate left ventricular hypertrophy was present. A 
prominent presystolic ventricular bulge was seen and 
felt at the point of maximum pulsation, followed by a 
forceful systolic thrust. A loud, low-pitched presystolic 
gallop sound was audible. 

A phonocardiogram (Fig. 4A) showed the loud 
presvstolic gallop with fundamental frequency 50 
c.ps. An apex cardiogram (Fig. 4B) showed the 
prominent presystolic bulge simultaneous with the 
onset of the gallop sound. 


Both the gallop bulge and sound 
Heart failure was never 


Comment: 
were readily evident. 


present. Left ventricular hypertrophy was 
moderate. 
Case 5. R. V. J. was a forty year old white man 


who, twelve years ‘previously, had experienced an 
episode of acute glomerulonephritis which progressed 
to chronic nephritis and renal insufficiency. Several 
vears later hypertension appeared and has been 
present since. No symptoms of diminished cardiac 
reserve have appeared. At the time the tracings were 
recorded, the blood pressure was 160/90 mm. Hg. The 
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Fic. 5. Case 5. A, simultaneous phonocardiogram and 
electrocardiogram, lead 1. B, simultaneous phonocardio- 


gram and apex cardiogram (ACG). The atrial gallop 
(aG) sound begins prior to the initial deflection of the 
QRS complex and is simultaneous with a localized, 
forward movement recorded on the ACG as a small 
upward deflection. The minute heart rate is 77 


lungs were clear. There was slight left ventricula: 
hypertrophy. A broad, forceful systolic apical impulse 
was preceded by a smaller ventricular bulge, which 
was both visible and palpable. A loud, low-pitched 
presystolic gallop sound was audible. 

A phonocardiogram (Fig. 5A) demonstrated the 
presystolic gallop sound with a fundamental frequency 
of 50 c.p.s. A simultaneous apex cardiogram (Fig. 
5B) demonstrated a small impulse occurring with the 
onset of the gallop sound. 


Comment: Hypertension in this patient was 
not of the primary, essential variety but second- 
ary to chronic renal disease. On clinical grounds 
there was left ventricular hypertrophy but noth- 
ing to suggest diminished cardiac reserve. 
Electrocardiographic evidence of hypertrophy 
was not present. The presystolic gallop rhythm 
displayed both mechanical and acoustic features. 

Within six months of obtaining the records 
shown the patient died from renal insufficiency. 
At postmortem examination the heart demon- 
strated advanced left ventricular hypertrophy, 
the thickness of the wall being more than twice 
the normal thickness. This was far more than 
suspected clinically. There was no significant 
dilatation of the ventricles. The atria were 
non-contributory. 

In this patient an atrial gallop persisted for 
more than six months in the absence of heart 
failure of any degree. 


Case 6. W. T. was a sixty-three year old Negro 
man with a documented history of hypertension. He 
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sel 
ote latersal ‘we 
Present «tects 198 12-017 


4 | range 14-4 74 


was seen lor PESPITALOTY SVIT ondary to bi- 
lateral pleural ctlusions, which subsequently proved 
10 be of tuberculous origin. The blood pressure 
was 140 50 mm. Hg. Grade 2 hypertensive retinopa- 
lhere were ivpe al sens of pleural 
lhere was shlieht left ventricular 
ventricular bulee and 
low-pitched gallop sound were present. The neck 
veins were flat and there was no edema. Roentecno- 


thy was present 
etlusion posteriorly 


hy pertrophy A press stoli 


grams of the chest showed bilateral pleural ctlusions; 
there was no pulmonary vascular congestion. The 
electrocardiogram gave evidence of an old extensive 
anterior mvocardial infarction, no history of which 
was obtained 

AN ardiwgram inot shown) demonstrated 
the low -Irequem press stoln gall sound sound 
was essentially unchanged by removal of the mtra- 
pleural fluid 
the apex cardiogram 


lhe press stolu bulece was recorded on 


Comment: This patient had essential hyper- 
tension and anatomical left ventricular hyper- 
trophy. An old myocardial infarction was sus- 
pected from the clectrocardiogram although no 
history of such an event was clicited, As in 
Case 2, the blood pressure was normal at the 
ume of recording but the atrial gallop persisted 


COMMENTS 


Time Intervals. Nibrations occurring at the 
tune of mechanical atrial contraction have been 
recorded from the surface of the left atrium 
via esophageal phonocardiography (7,4), from 
within the atrial cavity |\9) and from the surface 
of the chest |5,/0). These are inaudible to the 
human ear. The atrial gallop follows these 
vibrations. One study |5) of time intervals for 
the left side of the heart indicates that mechani- 
cal atrial contraction and its associated vibra- 
tions occur 0.10 second after the onset of the P 
wave. The left atrial gallop begins 0.05 to 0.07 
second later. Other values for the time interval 
between the onset of the P wave and the atrial 
gallop determined by several investigators and in 
the present study are listed in Table u. The 
results of the present study agree closely with 


AMERICAN JOURNAL OF MEDICINE 


582 
| | 
| ry ry 
AG | 


Gallop Rhythm of the Heart 


the careful statistical analysis by Frost |//) in 
Cases. 

In patients with hypertension and left ven- 
tricular hypertrophy who are not in heart failure 
the interval between the beginning of the QRS 
complex and the first heart sound is prolonged 
(14). The present study confirms this observation. 
(Table tut.) 

Phe delayed first heart sound in hypertension 
is probably secondary to a prolonged period of 
nometne ventricular contraction in a hy per- 
trophied heart 

Ihe case with which an atrial gallop sound 
is heard depends in part upon its separation from 
the first heart sound (Gi — 1 interval). This 
interval is influenced by several variables, as 
shown by the following 


(P — aG) + (AG — 1) = (PQ) + (Q—1) CD) 


where P — AG bs the interval between onset of 
the P wave and the atrial callop (0.14 second). 

4G; — 1 os the interval from the atrial gallop 
to the first heart sound 

PC) is an alternate notation for the P-R inter- 
val of the electrocardioe¢ram 

() — 1 is the interval from the beginning of 
the CORKS complex to the first sound. 

Sulstituting 0.14 second for P — AG and 
transposing, equation (1) becomes 


This equation shows that the temporal separa- 
ton between an atrial gallop and the first heart 
sound depends principally upon the PQ (P-R) 
interval and the (2 — 1 interval. Thus, the 
prolonged () — | interval in hypertensive heart 
disease facilitates auscultatory recognition of the 
atrial gallop sound. 

Atrial Sounds in Heart Block. Many observers 
Classify the atrial sounds audible in various 
degrees of A-V block as gallop rhythm. Exam- 
ination of recorded sounds and time intervals 
indicates this to be incorrect in most instances. 
The true atrial gallop sound is of low frequency 
and occurs approximately 0.14 second after the 
onset of the P wave. The physiologic fourth heart 
sound corresponds in time |/5) and frequency 
(1/6), consisting principally of lower frequencies 
in the range of 15 to 50 c.p.s. with minimal 
overtones. 

In first degree heart block (prolonged P-R 
interval) the atrial sound is heard by virtue 
of the increased P-R interval and occurs at a 
longer interval after the P wave than true atrial 
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Paste i 
()-1 
Patient Group Interval! 
(sec.) 
Leonard and Warren Normal (18 cases) 6.055" 


Hypertension with left 0.07 
ventricular hypertro- 
phy but without 
heart failure 

Hypertension with left 0.072 
ventricular hypertro- 
phy but without 


heart failure (Cases 


Weneler, Leonard and Warren |/ 4) 


Presemet 


* Sranciard deviation 0 


gallop. In acute rheumatic fever decreasing a 
prolonged P-R interval with atropine will cause 
this atrial component to merge with the soft 
first heart sound and restore the normal intensity 
of the latter. 

In second degree heart block (incomplete 
A-V block with non-conducted beats) atrial 
sounds are audible following the non-conducted 
P waves. The time interval from a blocked P 
wave to the following atrial sound is equal to or 
slightly @reater than the interval from a con- 
ducted P wave to the ensuing first heart sound 
17%. 

With complete heart block two audible atrial 
sounds may occur and have been recorded | 78). 
The inaudible vibrations of mechanical atrial 
contraction precede both of these sounds. The 
first audible sound follows the P wave by 0.12 to 
0.15 second and in time corresponds to the 
fourth heart sound or the true atrial gallop. 
The second audible sound occurs 0.22 to 0.26 
second after the P wave and corresponds to the 
atrial sounds often heard when the P-R interval 
is prolonged or in second degree heart block 
following a non-conducted P wave. 

The atrial sounds occurring with various 
types of A-V block usually appear on sound 
records as high-frequency tones compared to 
atrial gallop. This implies a different mechanism 
of production. 

True gallop originates in the ventricle and is 
associated with a ventricular bulge. No bulge or 
ballistic thrust toward the right shoulder has 
been demonstrated at the time of atrial sounds in 
heart block. 

When complete A-V block is present atrial 
sounds occur in systole as well as in diastole. 
During ventricular systole the A-V valves are 
closed. It is difficult to imagine the atrial sound 
heard during ventricular systole as originating 
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Case No, Patient Group 
7 G. W. Mitral insufhicienc,s 
G. W. D. Mitral insufficiency, 
9 @. Mitral insufhiciencs 
10 A. Ea Aortic insufhiciencs 
11 Heart failure 
12 Heart failure 
13 Heart failure 
14 W. O. H. Heart failure 


Hleart Rate 2-vG Interval* Fundamental requencs 


beats min sen of Gallop Sound (c.p.s 
ow 40) 
75 14 5 
K4 16 25 
WG 0. 16 35 


* 2-vG interval is the time from the start of the second heart sound to the start of the rapid ventricular hilling gallop 


from within the ventricle, as is the case for true 
gallop. 

At the present time it does not appear justified 
to consider all sounds resulting from atrial 
contraction as atrial gallops. Clearly, further 
knowledge concerning the mechanisms of such 
sounds is necessary for valid classification. 

Clinical Significance. Presystolic gallop of the 
left side of the heart occurs frequently in essen- 
tial hypertension, and when present inthis 
invariably indicates left 
hypertrophy |35). The same is true for secondary 
hypertension, as occurs with renal disease. The 


disease ventricular 


present observations support this correlation. 
In all eight patients with atrial gallop and 
hypertensive disease there was evidence of lett 
ventricular hypertrophy, either from physica! 
examination, roentgenograms and/or the elec- 
trocardiogram. Therefore, an atrial gallop in the 
presence of hypertension warrants a diagnosis of 
hypertensive heart disease. 

The significance of atrial gallop in aortic 
valve disease is not known but we may infer that 
here, too, ventricular hypertrophy exists when 
atrial gallop is present. In systemic vascular 
hypertension, aoruc stenosis and aortic insufhi- 
ciency with resultant systolic hypertension there 
is a state of left ventricular systolic overload. We 
may suspect that the evolution of atrial gallop in 
these situations is as follows: 


systolic overload — ventricular hypertrophy 
» presystolic gallop 


This hypothesis is also applicable to the right 
side of the heart. Right atrial gallops occur 
in primary pulmonary hypertension, secondary 
pulmonary hypertension of varied etiology and 
in pulmonic stenosis. 


The audible atrial presystolic gallop ts not the 
sound of atrial contraction fer se, but ts generated 
within the hypertrophied ventricle. Nevertheless, 
an cHective atrial contraction ts necessary for the 
production of this presvstolic sound. It is not 
heard in atrial fibrillation and ts temporartih 
absent prior to a premature ventricular con- 
tracuon. Presystolic gallop may be present for 
vears and is of no immediate prognostic value 
19), In the present study all patients with atrial 
gallop alone showed no evidence of heart failure 
It appears that presystolic gallop does not neces- 
sarily imply a decompensated state 


RAPID TILLING GALLOP 


Observations 


Rapid filling gallops were recorded in eight 
patients -three with rheumatic mitral isulh- 
ciency, one with rheumatic aortic insulliciency, 
and four with heart failure secondary to hyper- 
tensive and/or arteriosclerouc heart disease. 
Time intervals for these cight patients are shown 
in Table iv. In six of these the rapid filling 
gallop was the only extra heart sound. Two 
patients (Cases 13 and 14) had both rapid hiling 
and atrial gallops, as previously mentioned; 
they are described in detail clsewhere (6). 


C. W., a thirty-eight year old Negro man, 
gastrointestinal complaints 
lever and no 


Case 
was seen because of 
There was no history of rheumat 
cardiopulmonary symptoms 

The blood pressure and pulse were normal. The 
lungs were clear. The heart did not appear enlarged. 
A fine apical systolic thrill and loud, harsh, holo- 
systolic murmur were present. The second sound was 
followed by a loud, low-pitched gallop sound and 
apical bulge. Diastole was otherwise silent. 
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bia. 6. Case 7. A, simultaneous phonocardiogram and 
electrocardiogram, lead u. B, simultaneous phonocardio- 
¢ram and apex cardiogram (ACOCG). The holosystolic 
murmur of mitral insuffieieney i recorded. There is no 
diastolic murmur, \ rapid ventricular filling gallop (vwG) 
ws seen in carly diastole and ws represented by a low-fre- 
quency sound and an apical bulee, the latter recorded 
as a sharp upward detiection on the apex cardiogram. 
[he minute heart rate is 6” 


Hluoroscopy revealed slight left ventricular enlarge- 
ment. Dhe electrocardiogram showed tall QRS com- 
plexes over the left precordium. 

A phonocardiogram (Fig. 6A) recorded the 
holosvstolic murmur and an early diastolic sound of 
low frequency (fundamental 40 c.p.s.). The apex 
cardiogram (Fig. 6B) showed an upward deflection 
simultaneous with the low-pitched sound. 


Comment: The low fundamental frequency of 
the carly diastolic sound is not consistent with 
the opening snap of a stenotic mitral valve and 
suggests gallop rhythm as the underlying mecha- 
nism. The simultaneous apical thrust confirms 
the presence of gallop rhythm and rules out 
mitral stenosis. There was no heart failure. 


Case 8 G. W. D., a twenty-seven vear old white 
man, was seen for interim evaluation of rheumatic 
heart disease. There was a good past history of 
rheumatic fever. During military service a diagnosis 
of rheumatic heart disease was made. The patient was 
experiencing moderate exertional dyspnea. There was 
no orthopnea or paroxysmal nocturnal dyspnea. 

The blood pressure and pulse were normal. The 
neck veins were flat and the lunes clear. The heart 
was slightly enlarged. A loud apical systolic murmur 
was audible. The second pulmonic sound was 
accentuated. At the apex a low-pitched early diastolic 
sound was present, associated with a prominent 
localized ventricular diastolic thrust. There was no 
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Fic. 7. Case 8. A, simultaneous phonocardiogram and 
electrocardiogram, lead u. B, simultaneous phonocardio- 
cram and apex cardiogram (ACG). The holosystolic 
murmur of mitral insufficiency is recorded. There is no 
diastolic murmur. \ rapid ventricular filling gallop (vG) 
occurs in early diastole. Both the gallop sound and apical 
bulge are recorded. The minute heart rate is 58. 


edema or other signs of congestive heart failure. The 
electrocardiogram was within normal limits. 

The phonocardiogram (Fig. 7A) showed the 
systolic murmur and a high amplitude low-frequency 
(fundamental 40 c.p.s.) sound in early diastole. The 
apex cardiogram (Fig. 7B) demonstrated the rapid 
upward deflection caused by an outward ventricular 
thrust simultaneous with this sound. 


Comment: The low frequency of the diastolic 
sound and a simultaneous ventricular bulge are 
indicative of gallop rhythm and exclude mitra! 
stenosis. Heart failure was not present. 


Case9. M.C.D., a thirty-five year old white man, 
was seen because of increasing severity of cardio- 
pulmonary symptoms. An episode of acute rheumatic 
fever had occurred at the age of ten. Between the ages 
twenty and twenty-five the patient first noted exer- 
tional dyspnea, which gradually progressed with the 
appearance of orthopnea. 

At the age of thirtv-four, nine months before study, 
the patient was evaluated for mitral valve surgery. The 
heart was moderately enlarged. The rhythm was 
regular sinus. Apical systolic and diastolic thrills and 
murmurs were present. Gallop rhythm was not ob- 
served. There was roentgenographic evidence of 
marked left atrial enlargement. The electrocardio- 
gram showed a P mitrale, incomplete right bundle 
branch block, and was suggestive of right ventricular 
hypertrophy. Left heart catheterization demonstrated 
an end diastolic pressure gradient across the mitral 
valve of 20 mm. Hg. Mitral commissurotomy was 
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Fic. 8. Case 9. A, simultaneous low-volume phonocardio- 
gram and electrocardiogram, lead m. The gallop sound 
(G) is clearly seen and occurs 0.10 second after the second 
heart sound. B, 
apex cardiogram (ACG). Systolic and diastolic murmurs 


simultaneous phonocardiogram and 


are seen. The gallop sound (G) occurs simultaneous with 
a prominent forward movement (vG) localized to the 


apical region. [he minute heart rate is 94. 


performed; both stenosis and insufhciency were found 
at surgery. [The stenosis alone was alleviated. 

The patient continued to experience increasing 
dyspnea and marked orthopnea, which prompted his 
rehospitalization. The blood pressure was 110, 70 mm. 
Hg. The pulse was 90 and regular. Occasional moist 
rales were present at the lung bases. The heart was 
enlarged, almost reaching the anterior axillary line. 
Apical systolic and diastolic thrills and murmurs were 
present. A low-pitched sound was audible in early 
diastole and associated with a prominent ventricular 
bulge. The electrocardiogram was essentially un- 
changed since surgery nine months previously. Chest 
roentgenograms confirmed the increased cardio- 
megaly and showed a giant left atrium. 

A phonocardiogram (Fig. 8A) recorded the apical 
systolic and diastolic murmurs and the early diastolic 
sound of low frequency (fundamental 50 to 60 c.p.s.) 
simultaneous with a sharp upward deflection on the 
apex cardiogram. (Fig. 8B.) 


Comment: Mitral stenosis had been corrected 
nine months previously, at which time mitral 
insufficiency was confirmed. It is possible that 
valvular surgery increased the degree of insufh- 
ciency. Certainly, relief of the stenosis alone 
would permit an increase in ventricular filling 
and hence the volume of regurgitation with 
each systole. The mechanism of gallop produced 
by severe mitral insufficiency was _ further 
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enhanced by the appearance of early left ventric- 
ular failure. 

Mitral insuthiciency was certainly the major 
valvular lesion at the time of recording. A mitral 
diastolic thrill and murmur were present, but 
this may occur with mitral valve deformity and 
severe insufhiciency without stenosis of hemo- 
dynamic importance 


Cask 10 A ee a twenty-seven vear old white 
female housewile and mother, was seen at intervals for 
asymptomatic rheumatic heart disease with aortic 
Normal sinus rhythm was present. The 


He with sounds 


insufhiciencs 
blood pressure was 140 50 mm 
audible down to 20 mm. There was slight left ven- 
iricular hypertrophy and a blowing aoruc diastoln 
murmur of medium intensitv. At the apex a low- 
pitched sound occurred in early diastole and a cor- 
responding apical intlection could be seen 

phonocardiogram (hie showed low-fre- 
quency (lundamental 50 to 40 ¢.p.s.) sound occurring 


0.14 second after the onset of the second heart sound 


Comment: The low fundamental frequency of 
the extra sound, its interval from the second 
heart sound, and the corresponding forward 
apical movement indicate that this was a gallop 
sound and not an opening mitral snap. There 
is no evidence of mitral valve disease in this 
patient. Unfortunately, the apex cardiogram 
was not recorded. 


Cask 11 J. T.. a fiftwesewen vear old Negro 
man, was seen because of increasing dyspnea and 
edema of the ankles 


of hypertension When first seen. four vears previously, 


Phe patient had a long history 


he had symptoms of congestive heart failure. Atrial 
fibrillation was present. He had been treated with 
Heart 
failure was constantly present to varying degrees 

The blood pressure was 160 110 mm. Hg. The 
rhvthm was atrial fibrillation with a ventricular rate of 
80. There was grade 2 hypertensive retinopathy. Fine 


digitalis, restriction and duretics 


moist rales were heard at both lung bases. The heart 
was enlarged beyond the anterior axillary line. A 
soft apical systolic murmur and soft high-pitched 
aortic diastolic murmur were audible. A prominent 
low-pitched sound in early diastole was heard ovet 
the left precordium near the anterior axillary line. A 
corresponding ventricular bulge was seen and felt in 
the area of maximum cardiac pulsation. There was 
l-plus pitting edema of the ankles. 

A roentgenogram of the chest demonstrated cardio- 
megaly, pulmonary congestion and a widely dilated, 
tortuous aorta. The venous pressure was 260° mm. 
saline. 

The phonocardiogram (Fig 
early diastolic low-frequency 


10B) recorded the 


(fundamental 30 to 
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9 Case 10. Sumultaneous phonocardiogram and 
electrocardiogram. A sieht amount of nowe is present 
throughout the sound record. The rapid ventricular fill- 
ine gallop sound (wG) is of low fundamental frequency. 
This is best appreciated in the last cycle shown. The 
minute heart rate is 57. 


40 ¢.p.s.) gallop sound simultancous with the upward 
deflection on the apex recording caused by the ven- 
tricular bulee. (Fig. 10A.) 


Comment: Atrial fibrillation precluded the 
presence of an atrial gallop in this hypertensive 
patient. The rapid ventricular filling phase of 
carly diastole is a passive phenomenon and be- 
gins upon opening of the A-V valves, even in the 
presence of a variety of disturbances of rhythm 
and conduction. The rapid filling gallop is, 
therefore, temporally related to the opening of 
the A-V valve(s). 

The aortic diastolic murmur in this case 
represented “dynamic” aortic insufhciency, 
ic., aortic valvular incompetency resulting 
from hypertensive dilatation of the valve 
ring and base of the aorta. In this patient aortic 
incompetency appeared to be of minor degree. 
Peripheral signs were absent and the diastolic 
blood pressure was well maintained. The apical 
systolic murmur was typical of “relative” 
mitral insufficiency secondary to ventricular 
enlargement. 

In this patient left ventricular failure was the 
major factor in the production of gallop rhythm. 
Minor deerees of aortic and mitral incompetency 
may have had an additive effect. 


Case 12. H. K. was a fifty-six year old white man 
with diabetes mellitus of lone duration who was seen 
because of recurrent symptoms of congestive heart 
failure. There was a past history of a questionable 
myocardial infarction. 
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Fic. 10. Case 11. A, simultaneous phonocardiogram and 
apex cardiogram (ACG). The rapid ventricular filling 
gallop (vG) is represented by both a localized bulge in the 
apical region and a sound occurring 0.15 second after the 
second heart sound. B, simultaneous phonocardiogram 
and electrocardiogram, lead u. The rhythm is atrial 
fibrillation with a minute ventricular rate of 80. 


Physical examination revealed a normal blood 
pressure and pulse. There was marked obesity of the 
trunk and 4-plus pitting edema of the legs and ankles. 
There were occasional moist basilar rales. The heart 
was enlarged to the anterior axillary line. A soft low- 
pitched sound was heard in early diastole near the 
apex. A corresponding ventricular movement was 
not transmitted through the obese chest wall. The 
electrocardiogram showed complete left bundle 
branch block. 

A phonocardiogram (not shown) recorded the low- 
frequency (fundamental 35 c.p.s.) gallop sound. 


Comment: The clinical diagnosis was diabetes 
mellitus and arteriosclerotic heart disease with 
congestive heart failure, left bundle branch 
block and questionable old myocardial infarc- 
tion. 

Gallep rhythm resulted from heart failure. 
Obesity of the chest wall prevented detection of a 
corresponding ventricular thrust. 


COMMENT 


The rapid ventricular filling gallop, or briefly 
ventricular gallop, is regarded as the pathologic 
counterpart of the physiologic third heart sound. 
Important similarities confirm this view; certain 
dissimilarities aid in the differential diagnosis 
between them. 

Time Intervals. The physiologic third heart 
sound and the ventricular gallop occur at the 
same time in the cardiac cycle, this being the 
latter portion of the rapid ventricular filling 
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TABLE V 


Investigator 


McKee | 75) 

Dock, Grandel!l and Taubman (3) 

Frost (77). 

Wolferth and Margolies | 72) 

Present study (heart failure group 

6. Present study (mitral insufficiency group) 


Wh 


Duration of Interval (sec. 


Interval Measured * 


Mean Value Kanee 
2 3 15 
2-3 147 0120.18 
2 3and 2 vG 145 0.20 
2-3 and 2-vG 
2-vwG 15 140 16 
0 10 0 10 


* 2-3 interval is the time from the start of the second heart sound to the start of the physeologie third heart sound 
2-vG interval is the time from the start of the second heart sound to the start of the rapid ventricular tilling gallop 


period. Rapid filling begins upon opening of the 
A-V valve(s). The rate of rapid filling and the 
duration of this period are relatively independent 
of heart rate. Thus, the third heart sound and 
ventricular gallop bear a constant relation to 
opening of the A-V valve and their timing does 
not correlate with the heart rate |/7/). 

When isometric ventricular relaxation is of 
normal! duration the third heart sound and 
ventricular gallop bear a constant relation to the 
second heart sound, which is the reference sound 
employed in phonocardiography. Time intervals 
between the second heart sound and the third 
heart sound or ventricular gallop are listed in 
Table v. When determined, mean values 
(investigators 2, 3 and 5 in Table v) for the 
interval between the second heart souna and 
third heart sound (2-3 interval) or ventricular 
gallop (2-vG interval) closely. The 
statistical analysis by Frost |//) showed no 
significant difference in timing 
physiologic third heart sound and ventricular 
gallop in either males or females or between the 
two sexes. Other investigators |/2) also found 
no difference in timing between the third heart 
sound and ventricular gallop. | 

The time of ventricular gallop in mitral in- 
sufficiency is a special case. In rheumatic mitral 
valve disease left atrial pressure is clevated, 
resulting in earlier opening of the mitral valve, 
ending a shortened period of isometric ven- 
tricular relaxation. In mitral stenosis the interval 
between the second heart sound and the mitral 
opening snap (2-O%S interval) is an index of left 
atrial pressure, shorter 2-OS intervals being 
roughly correlated with higher atrial pressures. 
In mitral insufficiency with elevated atrial 


agree 


between the 


pressure the mitral valve opens carher. Since 


rapid filling gallop is temporally related to 
opening of the A-V valve, this gallop will occur 
earlier in mitral insuthciency, as shown by our 
three Cases linvestigator 6, Table v 

Sounds Ihe range of funda- 
both the phvsiolown 


lrequency of 
mental frequencies for 
third heart sound and ventricular gallop are 
identical, and supports the view that the mecha- 
nism of similar. This 
frequency range is 20 to 50 ec.p.s. (15,16). In 
the present study this rangc was approximatels 


sound production ts 


25 to c.p.s 

Ihe ventricular move- 
ments and with the third 
heart sound and rapid hiling gallop are qualita- 
tively similar, but differ quantitatively. Only 
with the loudest third heart sounds are these 
movements and forces prominent and of the 
magnitude seen with the least intense gallops 
4). A ventricular thrust must possess ample 
force to be detectable at the surface of the chest 
wall. Therefore, an outward precordial move- 
ment simultancous with an carly diastolic sound 
of low frequency indicates gallop rhythm and 
makes the presence of a physiologic third heart 
sound unlikely. The converse is not truce, for 
thick chest walls often prevent transmission of 
recognizable gallop movements to the chest 


Ala hance al I arurrs 


lorces iated 


surtace. 

Factors in the Produ fion of Gallop Rin thm. Ven- 
tricular gallop rhythm occurs when there ts 
an abnormal relation between the rate of rapid 
ventricular filling and the ventricle’s ability to 
accommodate its increasing volume. The wave of 
rapid left ventricular filling is increased in mitral 
insufficiency, in which the left atrial volume ts 
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large, the atrial pressure high and mitral 
stenosis not of a deeree to restrain the rate of 
flow from atrium to ventricle. Indeed, ventric- 
ular gallop in the presence of mitral insufficiency 
is a frequent finding. In thirty patients with 
mitral insufficiency ventricular gallop was heard 
in 50 per cent and the associated thrust was 
often seen and felt [20). In acute rheumatic 
carditis with mitral incompetence the third heart 
sound is accentuated |2/ or true gallop may 
occur. 

In aortic insufficiency the rewureitant blood 
stream auements ventricular filling and the 
total rapid filling wave exceeds that normally 
present. This may result in ventricular gallop. 

Left-to-right shunts at the left ventricular level 
or between the ureat vessels result in increased 
left ventricular diastolic filling and stroke vol- 
ume. Examples are interventricular § septal 
defect, patent ductus arteriosus and aortic 
pulmonary window. Interatrial septal defect 
increases diastolic filling of the right ventricle 
and rapid filling gallop of the right ventricle 
Cm Cur 

More common than ventricular gallop due to 
an increased filling wave w ventricular gallop 
due to abnormal accommodation during the 
volume changes of diastole. The usual under- 
lving condition im this situation tw heart failure, 
in which myocardial tone is poor. Ventricular 
callop may appear as a sien of incipient or 
early heart failure and w virtually pathogno- 
monic of heart failure when one can rule out 
causes ol a si@nificant increase in the filling wave, 
such as organic valvular insufficiency and shunts. 

Phe balance between filling and accommoda- 
tion ts affected by changes in venous return. 
Venous occlusive cuffs applied to the extremities 
will reduce the intensity of the third heart sound 
22, and ventricular gallop sound and magni- 
tude of the apical gallop thrust [23]. A similar 
response may be produced by other technics for 
pooling venous blood, such as sitting with the 
legs dependent, standing or pharmacologic 
ganghonic blockade. 

The question of which specific cardiac 
structures produce the gallop sound is presently 
unsettled. One view holds that the myocardium 
generates the sound at the time of abnormal 
bulging or distention. The other major hypoth- 
esis considers the sound to be of valvular 
origin. This concept is supported by the case 
with which valvular structures are set into 
vibration and produce sound. Also, one patient 
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has been observed in whom rapid filling gallop 
of the right ventricle occurred only when right 
ventricular pressure momentarily exceeded right 
atrial pressure during early diastole. Momentary 
closure of the tricuspid valve was postulated and 
considered responsible for the gallop sound [24]. 
Another study demonstrated atrial pressure 
greater than ventricular pressure at the time of 
gallop |25|. This would refute the theory that 
gallop sounds result from momentary closure of 
A-V valves. Further information is certainly 
necessary for a definitive answer to this question. 

Differential Diagnosis. ‘The rapid filling gallop 
sound must be distinguished from other sounds 
occurring in early diastole, namely, a split sec- 
ond sound, the opening mitral snap, vibrations 
in constrictive pericarditis and the physiologic 
third heart sound. Of singular importance is the 
localized surface precordial bulge or thrust, 
which only occurs with gallop and may be 
distinguished from the usually diffuse shock 
occurring with constrictive pericarditis. 

The earlier timing of ventricular gallop in 
mitral valve disease may result in the erroneous 
designation of this sound as an opening mitral 
snap (26). The ventricular gallop sound is 
lower pitched, its intensity is diminished by 
venous pooling and the systolic murmur of 
mitral insufficiency is heard. When a localized 
precordial bulge occurs with the sound the 
diagnosis is certain and mitral insufficiency ts the 
predominant valve lesion. 

In predominant mitral stenosis rapid filling 
gallop of the left ventricle does not occur, but 
it may be generated from the right ventricle 
by tricuspid incompetence or right ventricular 
failure. 

Clinical Significance. appears that rapid 
filling gallop implies diastolic overload of the 
ventricle. It is not necessarily related to ultimate 
prognosis and may be present in curable heart 
disease such as occurs with beriberi and thyro- 
toxicosis. In one hundred patients with heart 
disease there was no correlation between the 
clinical state after two to three years and the 
presence or absence of gallop at the time of 
initial evaluation [/9]. Our experience agrees 
with this conclusion. 


SYSTOLIC SOUNDS 


In the present study systolic sounds of any 
nature are not classified as gallops. The follow- 
ing two examples illustrate the normal apex 
cardiogram. 
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Fic. 11. Case 20.*Simultancous phonocardiogram and 
apex cardiogram (ACG). An extra heart sound (bh) oc- 
curs in late systole and is not associated with any ab- 
normality of the apex cardiogram. The minute heart 


rate is BS. 


Cask 20. J. R. was a thirty-five vear old Negro 
man with no symptoms of cardiovascular disease. The 
phonocardiogram showed a late systolic sound of low 
frequency. (Fig. 11.) 

The apex cardiogram was normal. Following the 
second heart sound there was a gradual forward move- 
ment as ventricular filling occurred. At the onset of 
ventricular contraction there was a sudden increase in 
the rate of forward movement, which resulted in the 
maximum palpable cardiac impulse. 


Comment: An additional heart sound in systole 
is often of unknown etiology and of no clinical 
significance |27|, in which case it is not asso- 
ciated with any abnormality of ventricular 
dynamics. 


AL 


man with previously documented tertiary syphilis 


was a sixty-nine vear old Negro 


and aortic insufficiency. He was seen because of the 
recent dyspnea, mild 
orthopnea and swelling of the ankles. Physical 
examination revealed a blood pressure of 190, 90 mm 


appearance of exertional 


Hg and collapsing pulses; a pistol shot was elicited 
over major arteries. [The heart was moderately, 
enlarged. A loud aortic diastolic murmur radiated 
down the left sternal border. A high-pitched early 
systolic sound was audible over the aortic area and 
was immediately followed by a harsh systolic murmut 
which radiated to the vessels of the neck. 

The electrocardiogram showed left axis deviation of 
ORS. There was electrocardiographic evidence of 
left ventricular hypertrophy with large amplitude 
ORS complexes and abnormalities of the S-T segment 
and I wave. The serological test for syphilis was 
positive, as previously. [he clinical diagnosis was 
syphilitic aortic insufhciency of moderate degree 
with congestive heart failure. 

The phonocardiogram (Fig. 12A) demonstrated 
a sound with many high frequency components, 
beginning 0.06 second after the onset of the first 
heart sound. Ihe apex cardiogram (Fig. 12B) was 
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bic. 12. Case 21. A, simultaneous phonocardiogram at 
the heart base and electrocardiogram, lead 1. Following 
the first heart sound there is an aortic eyection sound (Lb) 

sumultancous phonocardiogram and apex cardiogram 
apex movement normal. The rapid forward systolu 
movement of the apex ms simultancous with the onset of 
the heart sound and preeedes the aortic ejection 
phonocardiogram and an 


sound. smmultancous 


externally recorded common carotid pulse. The sevetoli 
expansion of this vessel occurs sumultancous with the 


sound 


normal and the start of the maximum impulse pre- 
ceded the tirst heart sound. A common carotid artery 
pulse was recorded externally (big. 12C) and demon- 
strated the systolic distention of this vessel to occur 
simultancous with the onset of the high-frequency 
systolic sound. This supports the view that this 
sound was the result of vascular vibrations in the great 


vessels initiated by eyection 


Comment: Insuthciency of a semilunar valve 
results in carly systolic vascular vibrations at the 
time of ejection. Increased stroke volume and a 
dilated great vessel above the valve [28] are 
believed to be the important factors in the pro- 
duction of this sound. 

In stenosis of a semilunar valve an carly 
systolic vascular vibration may be audible, 
presumably the result of a narrow jet-like ejec- 
tion stream entering the great vessel with in- 
creased velocity. 

Early ejection sounds are generated by the 
right side of the heart in pulmonic insufhciency, 
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idiopathic dilatation of the pulmonary artery 
and pulmonic stenosis, and from the left side of 
the heart in aortic insutlicienes or stenosis. These 
systolic sounds are generally of high frequency. 
A localized ventricular brulee simultancous with 
the sound is not demonstrable. These sounds ful- 
hil none of the criteria for callop rhythm. 


st 


Gallop rhvthm w a mechanical event asso- 
ciated with a relatively rapid rate of ventricular 
and characterized by ventricular 
and low -frequenc, Relativels 
rapid ventricular filling occurs during two divi- 
sions of diastole: (1) the rapid tilling period, 
which follows opening of the A-V valves, and 
(2) the period of atrial contraction. Therefore, 
pes al gallop exist and are named rapid 
hiling (or ventricular) callop and atrial gallop, 
respectively. Both are diastolic in timing. 
Systolic sounds are not gallop sounds and must 
he otherwise named 

Lither callop may occur at any heart rate. 

Fourteen patients with gallop rhvthm were 
studied. Of these, six showed atrial gallop 
alone, six showed rapid filling gallop alone, and 
two showed both types of gallop in every cardiac 
evele. 

Lett atrial gallop occurs 0.14 second after the 
onset of the P wave 

Atnal gallop & of no prognostic significance 
and is not related to heart failure. Atrial gallop 
is often generated withm a hypertrophied 
ventricle which has been sulnected to svstolic 
overload. 

Rapid filling or ventricular gallop occurs 0.15 
second after the second heart sound. In the 
special case of mitral insufthciency this gallop 
occurs earlier for reasons explained. 

Rapid filling gallop occurs when there is an 
imbalance between the wave of rapid ventricular 
filling and the ventricle’s alulity to accommodate 
its increasing diastolic volume. An increased 
filling wave results from valvular imsufheciency 
and cardiovascular shunts. Abnormal ventric- 
ular accommodation occurs in heart failure, 
in which myocardial tone ts poor. 

Rapid filling gallop indicates ventricular 
diastolic overload. The prognosis is that of the 
underlying disease and does not correlate with 
the presence or absence of gallop. 

Systolic sounds of any nature are excluded 
from the category of gallop, as defined herein. 
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ripry-siX vear old white housewife J.) 
A was admitted to the Barnes Hospital for the 
second time om April 18, 1959. She died on 
lune 6, 1959 

The patient's tirst admission to the Barnes 
Hospital, from September 22, 1958 to October 
11, 1958. was for ulcers of the lee of twents 
vears’ duration 

In 1928, during the first of her three full term 
pregnancies, the patient noted swelling of her 
legs, particularly the left, which also became 
“purple from the ankle down.” The latter was 
diagnosed as “rheumatic purpura.” Except for 
“anemia, the pregnancy was uncomplicated. 
Swelling of her lees was severe during subsequent 
preenancies. In 19358 “ulcers” appeared about 
her ankles 
varicose veins and continued 


lhev were said to be secondary to 
intermuittentls 
together with the swelling of her lees until, nine 
vears prior to the first admission, she had “the 
veins tied in the grom.”” Abdominal varicose 
noted at this time Lhe 
liigations proved to be of only temporary help 
and one vear later the patient underwent 
“svinpathectomy.” The swelling and ulcers of 
the lew were sulsequently more constant, finally 
necessitating bilateral vein stripping in 1956. In 
February 195°, she was hospitalized for four 
weeks because of cough, pleuritic-like pain in the 
chest, fever and chills. She was told that she had 
“pneumonia,” was given several blood trans. 
fusions and a number of medications, including 
Lhere had been no recog- 
nized blood loss. While confined in the hospital, 
the patient continued to have episodes of swell- 
ing of the lees bilaterally. After her discharee, 
she continued to be “anemic,” requiring twenty- 
nine blood transfusions during the next fifteen 
months, five months prior to this admission she 
was told that she was no longer “anemic.” 
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One vear prior to this admission she noted the 
onset of vague, generalized abdominal distress, 
unassociated with nausea, vomiting, melena, 
diarrhea or alteration in her chronic state of 
constipation. Eating tended to aggravate the 
abdominal distress. All studies were said to be 
within normal limits. A bland diet caused com- 
plete rehef of her symptoms. 

Nine months prior to admission to the Barnes 
Hospital, the patient was again hospitalized for 
“pneumonia.” She subsequently noticed dyspnea 
on exertion and edema of the ankles. The 
edema increased to massive proportions dur- 
ing the following three months and was asso- 
ciated with abdominal swelling. There was 
no history of frank shortness of breath, or- 
thopnea, paroxysmal nocturnal dyspnea, pal- 
pitation or chest pain. At this time the patient 
was @iven several injections of a mercurial 
diuretic and an unknown pill was administered 
daily; there was some relief of her complaints. 
During the five months prior to this admission, 
the patient had noted progression in the severity 
of her dyspnea, dry cough and pleuritic- 
like chest pain, with persistence of bilateral 
uleers and edema of her lees, the left being’ 
more severely involved. For four weeks she 
had occasionally had chills and fever. 

Her usual weight was 120 pounds; at the time 
of admission she weighed 132 pounds. 

The patient thought she was allergic to penicil- 
lin. She described many recurrent episodes of 
fever, dysuria, urgency and frequency during the 
previous thirty years. Decreased hearing acuity 
bilaterally was ascribed to bilateral infection of 
the ear. Menstrual history revealed normal, 
although irregular periods until their cessation 
two vears previously. 

The patient's mother (eighty-nine years old) 
had diabetes, hypertension and “heart trouble’’; 


) ; 
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her father died (sixty-two vears) of “uremic 
poisoning,” and two of her five siblings have 
““oallstones.”’ 

On physical examination the blood pressure 
was 110/80 mm. Hg, pulse 88, respirations 16, 
and temperature 36.8°c. The patient was a 
cachectic, white woman who appeared older 
than her stated age of fifty-six. There was pitting 
edema of both lower extremities, 1 plus on the 
right, 3 plus on the left, and a 4 by 6 cm. super- 
ficial ulceration over both lateral malleoli, the 
latter being surrounded by an area of inflamma- 
tion. Massively dilated abdominal and posterior 
thoracic collateral venous circulation was present 
with an inferior to superior direction of flow. 
One observer noted lid lag bilaterally as well as 
the presence of a palpable, although not 
enlarged thyroid. The neck was supple and there 
was no venous distention. Several firm, non- 
tender, movable 3 by 4 cm. lvmph nodes were 
felt in each axilla, with several firm, movable to 
semi-fixed nodes in the submaxillary and in- 
guinal areas. [The chest was increased in antero- 
posterior diameter: an area of decreased breath 
sounds was described at the base of the right 
lung by one observer. The left border of cardiac 
dullness was 9 cm. to the left of the midsternal 
line in the fifth interspace: heart sounds were of 
fair quality, with marked increase in the inten- 
sity of both the first mitral and second pul- 
monic heart sounds. A harsh systolic grade 
2 to 4 murmur was heard in the apical area 
and did not radiate. Peripheral pulsations were 
normal. The firm, slightly tender liver was 
palpated 3 cm. below the right costal margin. 
The abdomen was soft: there was no evidence of 
ascites. No costovertebral angle tenderness was 
detected. The neurological examination was 
physiologic. 

The laboratory data were as follows: The 
white blood cell count was 4,850 per cm. min 
with 59 per cent segmented forms, 35 per cent 
lymphocytes and 6 per cent monocytes; packed 
red cell volume was 37 per cent; hemoglobin, 
13.7 gm. per cent; the platelets appeared to be 
adequate in number and the red blood cell 
morphology was described as being normal. The 
urine specific gravity was 1.020, pH 5, protein 
trace, with a negative sugar reaction: 8 to 10 
red blood cells per high power field and occa- 
sional white blood cells were found in the 
centrifuged sediment. The blood cardiolipin 
test for syphilis was negative. Four stool speci- 
mens were negative for occult blood and neutral 


fat. The blood non-protein nitrogen was 2° me. 
per cent, lasting blood sugar 68 me. per cent, 
scrum cholesterol 134 me. per cent, uric acid 
>.1 mg. per cent, calcium 10.8 me. per cent, 
phosphorus 4.6 ma. per cent, alkaline phospha- 
tase 10.9 Bodansky 
10.6 Bodansky units), albumin 2.8 @m. per cent, 
globulin 4.4 @m. per cent, cephalin cholesterol! 
Hocculation | plus, thymol turbidity 14.1 units, 
total serum bilirubin less than 0.8 me. per cent, 
Serum glutamic oxaloacetic transaminase was 


units (repeat value was 


193 units and serum glutamic pyruvic transami- 
nase was greater than 100 units. The prothrom- 
bin tne Was reported as being SO per cent ol the 
normal value. The Diagnex” Blue test was 
reported as greater than 0.6 me. The Sia water 
test Was negative on two occasions, as Was the 
crvogiobulin clee 


cardiogram was within normal limits. Radio- 


precipitation test. An 


graphic examinations of the chest and upper 
and lower gastrointestinal tract revealed some 
atelectasis and old fibrosis of the lower lobe of 
the left lune with old pleural scarring at the 
base of the neht lung: minimal scohosis of 
dorsal spine; moderate splenomegaly; compres- 
sion fracture of the third lumbar vertebra with 
degenerative osteoarthritis; muluple Cushing 
clips: no abnormalities of the entire q@astro- 
intestinal tract. 

During the initial week, the patient remained 
unchanged clinically. Repeat hemograms merels 
confirmed the results of the studies carried out 
on admission, and the platelet counts approxi- 
mated 220,000 per cu. mm. Many white blood 
cells were found in several urine specimens and 
culture of a clean voided specimen erew a 
moderate growth ol Aecrobacter ICS. AN 
consultant described “severe stasis 
with development of abdominal 
venous collaterals.” An axillary Iwmph node 
biopsy was performed; no diagnosis was made 
At about this 


surgical 


disease 


on patholoex al examination. 
time, an alteration was discovered in the values 
of the liver profile tests made on admission. 
[he cephalin cholesterol flocculation was 4 plus, 
thymol turbidity 19.5 units, alkaline phosphatase 
10.6 me. per cent, bilirubin less than 0.8 mg. per 
cent. On October 3 a differential glucose toler- 
ance test was performed, utilizing a peripheral 
extremity vein and an abdominal collateral. 
The fasting blood sugar was 77 me. per cent with 
samples from the collateral circulation being 
104 me. per cent (fifteen minutes), 121 me. per 
cent (thirty minutes) and 159 mg. per cent 
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(fortv-seven minutes) while those from the 
peripheral vein were 133 me. per cent (twenty 
minutes) and 152 me. per cent (forty minutes). 
A needle biopsy of the liver was performed 
uneventiully; the pathological diagnosis of the 
specimen was “hemosiderosis.” Electrophoretic 
analysis of the patient's serum showed a non- 
specific increase in the gamma globulins. With 
general supportive care, the patient seemed to 
unprove. One observer thought there was a 
definite regression in the size of the liver; 
splenomegaly remained a radiographic diag- 
nosis. The hemogram at the time of discharge 
was essentially unchanged 

The second admission to the Barnes Hospital 
was from April 18 to June 9, 1959. The pa- 
tient did very well and remained active until 
three months prior to this admission when she 
began to have intermittent episodes of vomiting 
(bile) and associated watery diarrhea (seven to 
eight times daily). These episodes almost 
invariably followed the ingestion of fatty food. 
She had noted Progressi\ © loss in tissue weight 
and a concomitant cain in edema weight, with 
the development of extreme weakness, in- 
capacitating shortness of breath on the most 
minimal exertion, and the occasional presence 
of “fever.” She had required only three addi- 
tional transfusions. The “varicose ulcers” had 
healed. During the week immediately preceding 
her second hospitalization, she was completely 
free of any diarrhea, although her stools were 
black on several occasions. She denied any 
history of jaundice, intake of hepatotoxic 
drugs or exposure to toxic chemicals. 

On physical examination the blood pressure 
was 112 80 mm. He, pulse 80, respirations 16 
and temperature 37.6°c. The patient was 
cachectic, ascitic, chronically ill, but in no acute 
distress, alert and cooperative. The physical 
examination differed from that described on the 
first admission as follows: wasting of cranial 
musculature; palpable shotty nodes in the 
neck: dullness, decreased fremitus, absent 
breath sounds and “crackline™ rales over both 
lung fields up to the tip of the scapula; absence 
of visceromegaly in the abdomen; distention of 
the abdomen in a svmmetric distribution with 
obvious ascites; engorged collateral veins (super- 
ficial hypoglossal, inferior and superior epi- 
gastrics and external mammary with predomi- 
nant flow in a superior direction); sacral edema 
up to the height of the scapula; and 2-plus 
pitting edema of the lower extremities. 
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Laboratory data were as follows: The white 
blood cell count was 5,900 per cu. mm. with 
57 per cent segmented forms, 9 per cent bands, 
3 per cent cosinophils, 30 per cent lymphocytes 
and 1 per cent monocytes. The hemoglobin was 
4.6 em. per cent, reticulocyte count 1.8 per cent: 
the platelets appeared to be adequate, but the 
red blood cell morphology was described as 
hypochromic with slight anisocytosis. The urine 
specific gravity was 1.013, pH 4.5, protein 
trace, with a ne@ative su@ar reaction, 10 to 12 
white blood cells and 6 to 8 red blood cells 
were seen per high power field in centrifuged 
sediment. The stool examination on admission 
had a positive guaiac reaction, 2-plus benzidine 
reaction. During the remainder of hospitaliza- 
tion there were eight other examinations of the 
stool for blood, all were negative. The fasting 
blood sugar was 89 mg. per cent, blood urea 
nitrogen 16 me. per cent, calcium 10.1 mg. per 
cent, phosphorus 3.5 mg. per cent, alkaline 
phosphatase 2.8 Bodansky units. Albumin was 
2.7 em. per ceni, globulin 3.7 mg. per cent, 
cephalin cholesterol flocculation 3 plus, thymol 
turbidity 6.2 and bilirubin less than 0.8 mg. per 
cent. Serum glutamic oxaloacetic transaminase 
was 36 units, serum glutamic pyruvic transami- 
nase 10 units, and prothrombin time 70 per cent 
of the normal value. Serum sodium was 136 
mEq. per L., potassium 4.1 mEq. per L., carbon 
dioxide 26.2 mEq. per L. and chloride 99 mEq. 
per L. Roentgenographic examinations of the 
chest, upper and lower gastrointestinal series 
and oral cholecystograms, revealed discoid 
atelectasis of both lower lobes: bilateral pleural 
effusions or thickening; minimal left ventricular 
enlargement; minimal scoliosis of the dorsal 
spine; pulmonary fibrosis, upper lobe of right 
lung; increased intraperitoneal fluid; gallstones: 
probable esophageal varices: (2) pulmonary 
infarct; compression fracture of the third 
lumbar vertebra with degenerative osteoarthri- 
tis; Cushing clips. 

On the third hospital day, the red blood cell 
count was 2.97 million per cu. mm., hemoglobin 
8.1 em. per cent, reticulocyte count 4.6 per cent. 
The red cell constants were mean corpuscular 
volume 81 u*®, mean corpuscular hemoglobin 
27 wue., and mean corpuscular hemoglobin 
concentration 34 per cent. See Table 1 for further 
hematologic findings. Aspirated sternal bone 
marrow was cellular, containing normal myeloid 
and megakaryocytic elements, with slight stimu- 
lation of the erythroid elements. On the eleventh 
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hospital day, a pelvic venogram demonstrated 
complete occlusion of the right common iliac 
and femoral veins. An attempt to localize the 
obstruction by inserting a catheter into the 
inferior vena cava was unsuccessful because of 
thromboses in the arm veins; insertion of the 
catheter into a jugular vein was not attempted. 
The patient was seen in consultation regarding 
the feasibility of a portal caval shunt. On May 5, 
1959, 2 L. of grossly bloody fluid was removed 
from the abdominal cavity; specific gravity was 
1.015, total proteins 3.7 gm. per cent (albumin 
1.8 gm. per cent, globulin, 1.9 gm. per cent), 
cell block was negative. Culture of the fluid 
resulted in the growth of Bacillus subtilis in the 
thio broth alone. The paracentesis wound leaked 
amounts of fluid. 
laparotomy was scheduled but 


minimal serosanguincous 
Exploratory 
subsequently cancelled because of inability to 
cross-match any blood for the performance of 
surgery. A high titer positive Coombs’ test was 
obtained and the hemogram on this day was 
markedly altered. The white blood cell count 
was 18,300 per cu. mm., hemoglobin 4 gm. per 
cent, hematocrit 13 per cent, reticulocyte count 
40 per cent, platelet count 94,000 per cu. mm. 
The patient had become quite dyspneic on 
the least exertion and was slowly reaccumulating 
ascitic fluid. Serum bilirubin was 3.1 mg. (total), 
0.5 mg. per cent (direct), and 2.6 mg. per cent 
(indirect). Patient’s own serum was noted to 
agglutinate her own red blood cells in vitro at 
room temperature with bovine albumin, and all 
attempts at cross-matching blood resulted in ag- 
glutination. The patient was treated with 
Decadron® 0.75 mg. every six hours; she felt 
better within forty-eight hours, but there was no 
objective hematologic improvement. After re- 
ceiving Decadron, 1.5 mg. every six hours for 


one week, the reticulocyte count was 47 por 
cent and hemogloluin gi. per cent Llectro- 
phoretic analysis of her scrum showed increased 
gamma globulin and decreased alpha, globulin 
and albumin. After two weeks of steroid therapy, 
there was definite hematologic and clinical 
unprovement: at three weeks the reuculocvte 
count was 2.5 per cent and the hemoglobin 
lhe platelet canint Wiis 


lune 4 the patient had 


8.5 om. per cent 
1) per cu. mim By 
unproved cnough to permit an explorators 
laparotomy. She died on the tourth postopcra- 
live day. 


CLINICAL DISCUSSION 


Dr. Cart V. Moors 
a contusing diawnost problem to the sic Lans 
who were caring for her. In 1929, during the 
first pregnancy aft the age ol twenty-cight, 
edema of the ankles developed and _ persisted 
until she died thirtv vears later. About 1938, 
varicose ulcers appeared on her ankles. In 1949, 


Dhis patient presented 


at the time of venous ligations, she was told that 
she had abdominal varices. In February 1957 
and in January 1958, there were two episodes 
said to be pneumonia; but it is immediately 
obvious that these may have been caused by 
pulmonary infarcts. She had an anemia requir- 
ing twenty-nine transfusions which was first 
recognized in February 1947; it was said to 
have disappeared or to have corrected itself 
by approximately May 1958. Subsequently addi- 
tional transfusions were necessary. In September 
1957 she complained of abdominal distress. 
Several months later, abdominal swelling oc- 
curred and was present intermittently from then 
on. She had dyspnea and chest pain from about 
March to September 1958. 

When she was admitted to the hospital for the 
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first time on September 22, 1958, she had edema 
and ulcers of the ankles. evidences of collateral 
circulation over her abdomen and thorax, sev- 
eral 3 by 4 cm. lymph nodes in both axillac, 
the first mitral and second pulmonic heart 
sounds were accentuated, and there was a 
moderately loud systolic murmur at the apex. 
Her liver was moderately tender and palpable 
3 om. below the costal margin. The blood count 
was essentially normal: urine showed 1-plus 
proteinuria; there were laboratory evidences 
of parenchymal hepatic damage; a biopsy 
specimen of the liver showed changes of hemo- 
siderosis; splenomegaly and a compression 
fracture of the third lumbar vertebra were 
detected on the roenteenograms. She was 
treated conservatively, seemed to respond, and 
was discharged about the middle of October. 
She remained fairly well until January 195°, 
when intermittent vomiting and diarrhea devel- 
oped, and there was a loss in tissue weight, and 
an increase in the edema. Shortly before her 
second admission she had melena. 

Her second and tinal admission was from 
April 18 to June 9, 1959. Results of her physical 
examination varied trom that on the first 
admission in that there was wasting, small shotty 
lvuuph nodes in the neck, evidence of partial 
consolidation of both lower lunes, ascites and 
the edema extended to the sacrum. She had 
8 em. of hemoglobin and again I-plus protein- 
uria. The blood urea nitrogen was normal as 
were most of the other blood chemical deter- 
minations. Results of the hepatic function tests 
remained abnormal. Ascitic fluid was found to 
be bloody: the cell block was negative. The 
patient then had an interesting dramatic 
episode of acute hemolysis associated with 
autoagg¢lutination of her red cells, a positive 
Coomlys test and thrombecvtopenia. She was 
treated with steroids and there was a moderate 
response. An attempt at right heart catheteriza- 
tion had to be abandoned because all veins 
exposed were found to be thrombesed. She 
recovered cnough to permit surgical exploration 
of the abdomen carly in June. That is the end of 
the report. 

The diagnostic problem involves a patient who 
was found to have thrombosis of both common 
iliac veins, and probably of the inferior vena 
cava, involvement of the liver, the red blood 
cells, the platelets and possibly the lymph nodes. 
Ix this all one disease, or did she have an old 
process which was responsible for the edema of 
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the ankles and thrombosis of the inferior vena 
cava, with a new lesion superimposed? We 
obviously need all the help we can get, Dr. 
Humphrey have you been able to piece together 
from the roentgenological studies more than 
the protocol indicates? 

De. Harvey A. Houmpnrey: The chest 
roentgenogram taken on admission in Septem- 
ber 1958 showed an elevated diaphragm, con- 
siderable infiltration and fibrosis, and discoid 
zones of atelactasis bilaterally. There were some 
nodular densities elsewhere in the lungs that 
probably represented thrombosed veins without 
infarction, although there were also areas which 
represented organizing multiple pulmonary 
infarcts. Seven months later a large density 
had appeared in the left lung with no change 
in the right lune. A eastrointestinal examination 
was performed in September 1958. There 
probably were some small varices in the region 
of the cardia. The duodenal loop appeared 
normal. There was no evidence of a pancreatic 
tumor. A compression fracture of the third 
lumbar vertebra with depression of the superior 
cortex was seen. This appeared to be a post- 
traumatic fracture. Films taken in 1959 showed 
esophageal and periesophageal varices. A transi- 
tory pressure defect was seen on the second 
and third portion of the duodenum. In view of 
the presence of ascites, this probably represented 
fluid in the retroperitoneal sac. At no time was 
any mucosal abnormality seen in the duodenum, 
merely eccentric pressure. A few gallstones were 
seen in the gallbladder, although the gall- 
bladder was not distended. A venogram using 
the right common femoral vein was performed. 
Collateral vessels were demonstrated in the 
anterior abdominal wall as well as _ retro- 
peritoneally varices. Neither the iliac vein nor 
the inferior vena cava were opacified, so we 
concluded that they were occluded. The anterior 
and posterior abdominal wall vessels terminated 
in the internal mammary vessels and in the 
diaphragm. These collaterals appeared to be 
circumventing the inferior vena cava. We did 
know that the patient had evidence of spleno- 
megaly, esophageal varices and gastric varices. 
This knowledge, plus the fact that we could not 
enter an arm vein, suggested that she had 
multiple deep venous occlusions. The liver was 
never obviously abnormal in size. An intravenous 
pvelogram was performed after the venogram. 
This film was taken about four minutes after 
injection. Both kidneys could be seen. No dye 
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was seen in the ureters, which is a littl unusual 
five minutes after a dye examination, but not 
obviously abnormal. The only reason I pause, is 
that there is an entity that has been written 
about recently: namely, retroperitoneal fibrosis 
or periureteral fibrosis. At umes this results in 
occlusion of the inferior vena cava, but hvdro- 
nephrosis due to bilateral ureteral obstruction is 
a much more common feature. In summary, all 
we have is evidence of multiple deep major 
vein thrombosis. 7 

Dr. Moore: [t would be profitable to decide 
how extensive the thrombotic disease was in this 
patient. We have evidence to indicate that there 
was obstruction of the common iliac veins and 
probably of the inferior vena cava. The process 
involved the veins in her arms. In all probability, 
she had pulmonary infarcts. Dr. Bricker, did the 
obstruction of the inferior vena cava extend 
high enough to involve the renal veins? She 
had 1-plus proteinuria. A cholesterol determin- 
ation on the first admission was 134 mg. per 
cent. 

Dr. NEAI 
totally obstructed, the kidnevs may 
infarcted. However, if some lumen persists, one 
generally finds a fairly well characterized 
sequence of events beginning with proteinuria, 
often of great magnitude, and frequently fol- 
lowed by the sequential changes of the nephrotic 
svndrome. There may be 
azotemia, and microscopic hematuria ts fre- 
quently observed. The kidneys are often enlarged 
and may be unequal in size. This patient had 
minimal amounts of protein in her urine, as 
judged by the qualitative tests, and manifested 
none of the abnormalities of the nephrotic syn- 
drome. Moreover, her blood urea nitrogen was 
never markedly elevated. I think it is conceivable 
that the inferior vena cava was thrombosed up to 
the level of the renal veins, but I would be 
surprised if the venous return from both renal 
veins was significantly compromised. 

Dr. Moore: It is true is it not, that if the 
thrombosis or the occlusion is slow, there may be 
time for collateral circulation to develop? Under 
these circumstances involvement of the inferior 
vena cava may occur about the level of the 
renal veins with just moderate proteinuria 
and little functional disturbance. 

Dr. BrRICKER: Yes. 

Dr. Moore: We could at least record a 
question mark about involvement of the renal 
veins. If they were thrombosed, collateral cir- 


Bricker: If the renal veins are 
become 


some degree of 


culation would have developed, or the nephrotic 
syndrome would have appeared. Dr. Shank, the 
house othcers were trving to determine whether 
or not involvement of the portal vein was also 
present. That was the reason for performing a 
glucose tolerance curve with blood olmnained 
both from a peripheral vein and from the col- 
lateral veins on the abdomen. Would vou inter- 
pret the two curves for us’ 

Dr. Ronert E. Suan: It is dithcult for me to 
draw anv conclusions trom the information 
There was relatively litle difference between 
peripheral and collateral concentrations of 
glucose. [t has been pointed out that there was 
vessels. In view ol this hindine. interpretation ol 
the blood glucose levels ts ditheuls 

Dr. Moore: If the collateral veins on het 
abdomen had been coming largely trom the 
glucose level would 


higher than in the 


portal circulation, the 
have been considerabls 
peripheral circulauion. Since that differential 
was not observed, the test was of little help Dy 
Karl, what was happening to this patient's liver’ 
A diagnosis ol hemosiderosis had been made aon) 
the basis of a InOpsy: heputn lunction tests were 
abnormal and csophageal varices and a large 
spleen were present 

Dr. M. Kars 
put this all together by saving that this patient 
had cirrhosis with portal hypertension leading 
to the establishment of the csophageal varices 
Along these lines, it would be nice to be able to 
sav that this patient also had portal thrombosis, in 
view of the fact that she had evidence of venous 
occlusion elsewhere. However, vou have already 
pointed out that in the differential glucose 
tolerance curve, these curves do not suegest 
that portal thrombosis plays a major part. Also 
the description and the direction of the blood 
flow of the collateral veins described are not 
consistent with the findings in portal thrombosis 
alone. These veins are described as showing 
blood flow upward throughout most of the 
abdomen. These findings are certainly much 
more consistent with thrombosis of the vena 
cava than with thrombosis of the portal vein, tn 
which the blood flow usually flows away from 
the umbilicus. 

Dr. Moore: Yes, but if we assume that the 
collateral veins on the abdomen were really due 
to the obstruction of the inferior vena cava, is it 
not possible to make a pretty good case for 
portal vein thrombosis anyway? 


(One would like to 


AMERICAN JOURNAL OF MEDICINE 


Inferior Vena Caval Occlusion 599 


De. Kane: If we make a case for portal vein 
thrombosis alone, we would have difficulty in 
reconciling the glucose tolerance curves, because 
in the presence of portal thrombosis, the col- 
lateral veins show glucose concentrations similar 
to those found in the portal blood. 

De. Moore: But when the collateral veins are 
carrying blood both from the portal circulation 
and from the systemic circulation, might you 
not erase these differences’ 

De. Kage: Yes, but this would imply a con- 
siderable amount of compensating collateral 
blaxl flow. I think we can sav, rewardless of 
whether portal thrombosis is present, that this 
patient had some diffuse hepatocellular disease 
as evidenced by the fact that the cephalin- 
cholesterol foeculation test was positive and that 
the globulin and blood transaminases were 
clevated. I cannot say whether portal thrombosis 
compheated this diffuse hepatocellular disease 
| am inclined to believe that the evidence is 
against this, since the roentgenogram did not 
show any conclusive evidence of esophageal 
varices. 

Dr. Moore: Could this degree of hepato- 
cellular damage be present if there were involve- 
ment of some of the hepatic vein radicles? 

De. Kage: If hepatic vein thrombosis were 
present the liver would be enormously enlarged 
and there would he more striking evidence 
of diffuse hepatocellular disease than was seen 
here. 

De. Moore: I do not mean the major hepatic 
vein, but radicles of the hepatic vein. 

De. Kari Even with thrombosis of the 
smaller hepatic vein radicles, if enough of them 
are involved, there ts usually evidence of severe, 
hepatocellular damage, with profound changes 
in laboratory test results. Usually these patients 
show a considerably greater deeree of jaundice 
than was present in this patient, and with it a 
much more severe deerce of hepatic failure. 

Dre. Moore: What kind of hepatic disease do 
vou think she had?’ 

Dr. Kare: I think that she probably had early 
mild cirrhosis, nutritional in origin possibly, 
rather than liver disease on the basis of hepatic 
vein thrombosis. 

Dr. Moore: It is also possible that she might 
have had infarcts of mesenteric veins which 
would account for some of her gastrointestinal 
symptoms. Dr. Goldman, what are some of 
the causes of thrombosis of the inferior vena 
cava? 
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Dr. Mervin Goipman: For clarity, let us say 
a word about varicose veins. When we sav 
varicose veins, we mean dilated veins. Any vein 
can become a varicose vein if it becomes dilated, 
except for those veins in an A-V fistula or in an 
angioma. Now in general, there are two tvpes of 
Varicose veins: a primary type and a secondary 
tvpe. In the primary type there is a hereditary 
weakness in the valves. As we grow older these 
valves become obliterated, and with an increase 
in pressure the veins become dilated. The 
secondary type develops following venous 
obstruction. In our patient, who had varicose 
veins and venous obstruction, the role of multi- 
ple pregnancies should be considered as a possi- 
ble factor in the etiology of inferior vena caval 
occlusion. There are three mechanisms in preg- 
nancy whereby the inferior vena cava may be 
obstructed. First, the mechanical pressure on 
the ihacs by the fetus. Second, an increase in 
intra-abdominal pressure, and third there is an 
increase in blood flow and blood volume from 
the internal iliac veins going into the common 
iliac veins. This interferes with the blood flow 
from the external iliac veins. 

Dr. Moore: I guess that phlebothrombosis or 
thrombophlebitis is the most common cause of 
inferior vena caval thrombosis, is it not? 

Dr. Gotpwan: That is correct. 

Dr. Moore: What else may cause thrombosis? 

Dr. Intra-abdominal tumors or 
malignancies, aneurysms, ascites and adhesive 
bands following other tvpes of surgery may cause 
thrombosis. 

Dr. Moore: I suppose retroperitoneal or 
periureteral fibrosis could be added, but in this 
instance the history would seem to indicate 
that phlebothrombosis was primarily responsi- 
ble. The pulmonary infarcts could have come 
from throm) in the legs, but we still must worry 
about why the thromboses developed in her 
arm veins, and possibly in the portal and hepatic 
veins as well. The house staff was disturbed 
about this patient because her blood clotted in 
syringes despite all precautions. Dr. Fletcher, is 
there such a thing as hvpercoagulability, and if 
so, what causes it? 

Dr. Antruony Fiercnuer: suppose the term 
“hypercoaguable state” is used with two mean- 
ings: first of all the diagnosis is suggested when a 
thrombosis develops for which there is no 
apparent cause, and second, the term is some- 
times used to describe abnormal reactions to 
laboratory tests for various types of coagulant 
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factors. Unfortunately, the correlation between 
the laboratory tests and cases of muluple throm- 
bosis tends to be poor. There are certain situa- 
tions, for instance, in patients suffering from 
abruptio placenta in which it is possible to 
demonstrate the presence of thromboplastic 
material in the blood; this finding correlates 
well with the clinical state. There ts also a sug- 
gestive correlation between the stopping of long 
term anticoagulant therapy, the rise in the vari- 
ous coagulation constituents, and subsequent 
thrombosis. But hypercoagulability is a vague 
concept; three reasons may be suggested to 
explain this failure of correlation between the 
clinical state and laboratory (1) The 
clinical state and the examination of the blood 
were In no way related. One reason for this 
might be that the clinical state is due to a disease 
of the vessels or a slowing of the blood flow or 


tests: 


some other factor. (2) The coagulation tests em- 
ploved for the purpose of demonstrating a 
hypercoagulable state are inappropriate for the 
purpose, and in this regard I would like to men- 
tion a recent paper of Spaet’s* in which he 
points out the crude nature of the tests that are 
usually used in the laboratory to determine the 
over-all coagulability of the blood. He points 
out that there are no im vitro tests that give a 
corresponding type of determination to that 
suggested by Wessler, T in which blood coagula- 
tion is assessed following double ligation of a 
vein in an animal. Spaet himself suggests a 
simplified test in which the coagulation of the 
blood is determined in plastic tubes. Using this 
“technic,” which appears to offer significant 
advantages over those in present use, Spaet 
found that the feeding of butter fat did not pro- 
duce a hypercoagulable state, whereas others 
who have used standard in vitro tests describe 
the production of hypercoagulability after feed- 
ing butter fat. The third possibility is to us an 
intriguing one, involving the hypothesis that the 
“hypercoagulable”’ state may exist independ- 
ently of abnormal coagulation phenomena, its 
manifestations being caused by failure of the 
plasminogen-plasmin system to lyse micro- 
thrombi. For lack of proper technical method, 
this possibility has never been adequately 


*Spaet, IT. H., Cinrron, J. and Kroparkix, M. A 
technique for determining whole blood clotting times in 
plastic tubes. J. Lab. & Clin. Med., 54: 467, 1959. 

t Wessier, S. Studies in intravascular coagulation. 1. 
Coagulation changes in isolated venous seements. 
J. Clin. Invest., 31: 1011, 1952. 


investigated, but we do have preliminary data 
indicating that such a theory might be relevant 
to the problem. 

Dr. Moore: The tact that thrombocytosis 
and tumors of the body or tail of the pancreas, 
the bronchus and the stomach, may cause 
multiple venous thromboses, is so well known 
that it needs no further comment. The clinical 
and diagnostic data make any of these possibili- 
ties seem unlikely. Dr. Goldman, do vou think 
this could be thromboangiitis obliterans with 
involvement of the veins for all these vears 
without overt arterial lesions? 

Dr. Gotpman: I would not consider that 
possibility very seriously here 

Dr. Moore: Dr. Vavra, can vou make any 
other suggestions? 

Dr. Joun Vavera: A rather interesting group 
of patients was described in 1949 by Gerber 
and Mendelowitz in the Annals of Internal Medi- 
come. The clinical course in their patients was 
very similar to the one in this patient. All pa- 
tients had multiple, severe and devastating 
thromboses, without demonstrable underlying 
disease, which involved, at one time or other, 
almost every vein in the body. The thromboses 
occurred both in superficial veins and in deep 
veins, but those in the deep veins predominated 
and presented the major problems to the pa- 
tients. The patients reported with this illness, 
which is called visceral thrombophlebitis mi- 
vrans, under filtv vears of age. Six 
patients reported on by these two authors were 
below the age of forty-five when their illness 
began; this was also true for our patient if you 
can date the onset of illness back to 1928. The 


were 


symptoms and signs depended upon the veins 
that were thrombosed, and since all deep visceral 
veins were subject to thrombosis a wide variety 
of symptoms were encountered. Almost all the 
patients had multiple and recurrent pulmonary 
infarcts. The patients often had thromboses of 
the inferior vena cava, of small areas of the 
portal and hepatic veins, adrenal veins and 
renal veins, making it surprising that they were 
able to survive for an average of three or four 
vears. The reason appears to be that only small 
areas of veins were involved at any one time 
and these veins later recanalized. In most of the 
patients ascites developed at one time or another, 
often bloody, and presumably due to thrombosis 
of mesenteric and portal branches. Although the 
authors Claimed that the results of liver func- 
tion studies were normal, the case histories of 
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several of these patients showed abnormalities in 
these tests, presumably due to thrombosis of 
hepatic radicles. Some patients had fairly 
long remissions, probably due to recanalization 
of the vessels, but the thromboses eventually 
reappeared and led to the death of the patient. 
Fever and leukocytosis was a feature when 
severe thrombosis had occurred. In some pa- 
tients the platelet count was decreased. The 
authors suggested that this was due to sequester- 
ing of platelets in the area of thrombosis. In 
none of the patients was a hemolytic anemia 
described. It would appear that our patient 
would fit into this group described by Gerber 
and Mendelowitz. I think the terminal episode 
was another severe thrombosis occurring in the 
abdomen. 

Dr. Moore: Dr. Chaplin, would vou tell us 
what you think happened to the ervthropoictic 
system in this patient? Did she have “auto- 
immune hemolyuc anemia™ since 1957 or did 
she then have another kind of anemia, one 
secondary to dysplenism caused by splenic vein 
thrombosis? 

De. The latter possibility 
cannot be excluded, but it seems unlikely to me 
that such a condition would cause such profound 
anemia as to require twenty-nine transfusions 
over that interval of time. Of course, if she were 
bleeding at the time trom varices, this could 
have contributed to the high transfusion require- 
ment, but again I think hemorrhage is unlikely. 
The presence of hemosiderin in the liver biopsy 
specimen is strongly in favor of retention of the 
products of red cell destruction rather than loss 
of blood through the gastrointestinal tract. I am 
unpressed that this woman had two problems: 
one, hemolysis, and another, inadequate mar- 
row response. She had so many clinical dith- 
culties that an acquired hemolytic anemia might 
well have occurred in relation to any of them. I 
am a litthe bit inclined to attribute her earlier 
respiratory symptoms to pneumonia rather than 
infarcts, because of the chills and fever that 
accompanied them. It is attractive to me that 
she may have had a virus pneumonia in 1957 
with the development of the rather severe 
hemolytic anemia that sometimes accompanies 
this illness and usually is associated with cold 
agglutinins and cold incomplete antibodies of 
an autoimmune type. Unfortunately, we do not 
have the necessary hematologic data to confirm 
this. It is characteristic of this syndrome on 
occasion to wax and wane and sometimes to 
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persist over a period of as long as seven or eight 
years. | am tempted again to guess that in 1957 
she had an episode of hemolysis which gradually 
remitted, but recurred late in her illness, per- 
haps in response to infection in the genitourinary 
tract, perhaps to reinfection in the pulmonary 
system. We did not have an opportunity to make 
antiglobulin studies in our own laboratory dur- 
ing her final admission, therefore the character- 
istics of her autoantibody are unknown, but the 
marked autoagglutination that created such a 
problem in the blood bank frequently accom- 
panies the “non-gamma globulin” type of cold 
autoantibody which could well have originated 
during her respiratory infection in 1957. 

Dr. Moore: Even though it is recognized that 
this patient might possibly have had a secondary 
disease, such as lymphoma, carcinoma of the 
pancreas or cirrhosis of the liver, I am inclined 
to agree with Dr. Vavra that the whole disease 
was essentially one process from beginning to 
end: visceral thrombophlebitis migrans. Now 
Dr. Butcher, would you tell us what you found 
at the exploratory laparotomy? 

Dr. Harvey Burcuer: This patient had much 
ascites, which was no longer grossly bloody at the 
time of abdominal exploration. The spleen was 
two and a half times normal size, and its outer 
surface was covered with irregular yellow 
slightly depressed or elevated areas, which were 
firm. Near the anterior border of the left 
hepatic lobe was a discrete nodule which was 
irregular, firm and paler than the surrounding 
liver. The rest of the liver was nearly normal in 
appearance. The retroperitoneal tissues were 
edematous and indurated; edema involved the 
root of the small bowel mesentery. The follow- 
ing procedures were performed: the liver nodule 
was biopsied; a frozen section showed the 
nodule to be a hamartoma. The root of the 
small bowel mesentery where the _ greatest 
induration seemed to be, was mobilized, and a 
large retroperitoneal lymph node which was 
removed showed only hyperplasia. The inferior 
vena cava was then exposed in the center of the 
retroperitoneal induration. The vena cava was 
so firm that a biopsy specimen of the wall was 
secured. The vena cava was thickened but 
had channels in it which bled briskly. Finally 
the spleen was removed because of the hemolytic 
anemia. The procedure was carried out rather 
rapidly because of the poor condition of the 
patient. Portal pressures for example, were not 
taken. Her blood pressure was 60-70/40-—50 mm. 
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He after fifteen minutes of operating; at hypo- 
tensive levels, portal pressures mean very little. 

Dr. Moore: Dr. Rosenberg will tell us what 
the surgical pathologists found, and then Dr. 
Williamson will autopsy 
findings. 

Dr. BARBARA 
biopsies have already 
axillary lymph node was normal and the needle 
biopsy specimen of the liver showed hemo- 
siderosis. There was also an ascitic fluid speci- 
men which was negative for tumor cells. The 
spleen which Dr. Butcher removed 
several depressed areas and on cut surface there 
were numerous vellow nodules beneath the 
capsule which microscopicalls 
old infarcts. There was also a massive amount of 
hemosiderin. A lymph node from the splenic 
region also showed marked heinosiderosis. The 
leston Dr. Butcher described in the liver proved 
to be a hamartoma which appeared to be com- 
posed chiefly of sclerotic vessels. In one area of 
the liver biopsy specimen there were several 
which appeared very thick walled: 
the marked changes in the walls made it difheult 
to decide in every case whether these vessels 


YTOss 


present the 


ROSENBERG: The first two 


been mentioned, The 


showed 


proved to be 


vessels 


actually represented arteries or veins. An eclasti 
tissue stain discontinuous elast 
membrane in some of these vessels. In some 


showed a 


there was almost complete obliteration of the 
lumen; whether this was entirely the result of 
endothelial proliferation or of organized thrombi 
is impossible to say. No recent thrombi were 
seen in these sections, and there was no evidence 
of a significant degree of arteritis. These vascular 
changes were not sufficient to give us a defini- 
tive diagnosis: the possibility of an arteritis of 
some sort was entertained, but we did not believe 
that we had adequate material to make this 
diagnosis. 


PATHOLOGIC DISCUSSION 


Dr. JoseEpH WILLIAMSON: The appearance of 
the body at autopsy was that of a well developed, 
but poorly nourished cachectic white woman 
who appeared much older than her stated age. 
The upper extremities were markedly wasted; 
the lower extremities were edematous, the level 
of edema extending up to the umbilicus. The 
skin of the ankles and legs was darkly pig- 
mented, indurated and scaly, and these changes 
were more marked on the left side than on the 
right. The abdomen was distended and _ the 
superficial veins were quite dilated. An unhealed 


recent surgical incision was present in the mid- 
epigastrium. Several small petechiae 
present on the skin of the face and over the 
thorax. The abdomen contained 7,500 cc. of a 
sanguinecous fluid which had a hematocrit 
of 12 per cent. Both leaves of the diaphragm 
were markedly elevated to the second and third 


were 


intercostal spaces on the right and left sides, 


respecuvely. In the left upper quadrant several 
foci of fat necrosis and a recent thrombus in the 
splenic vein at the site of surgery were seen. 
Two hundred cubic centimeters of fluid similar 
to that seen in the abdomen was present in cach 
pleural space, and dense tibrous pleural adhe- 
sions were present bilaterally. The lungs were 
moderately congested and atelectatic, and a 
large thrombus was present in the left) pul- 
monary artery. This completely filled = the 
pulmonary artery, was slightly adherent, and 
partially organized. The gross appearance of the 
heart was within normal limits, and arterio- 
sclerosis in. the coronary arteries and aorta 
was minimal. In the superior vena cava there 
was a partially organized mural thrombus about 
2 cm. in diameter. This was approximately 8.5 
cm. proximal to the tricuspid valve, and was at- 
tached to the wall of the superior vena cava by 
a narrow pedicle. It was freely mobile. Addi- 
ional thrombi included one completely organ- 
ized mural thrombus in a radicle of the portal 
vein and an old organized recanalized thrombus 
in the splenic vein. The lumen of the lower two- 
thirds of the inferior vena cava was completely 
obliterated by dense fibrous tissue. This ex- 
tended from a level just below the openings of 
the hepatic veins, and extended caudally 
involving both renal veins and both common 
iliac veins. The vena cava and both renal veins 
were reduced to fibrous cords in which small 
recanalized discernible on the 
cut surlaces. 

At autopsy, the only demonstrable collateral 
venous circulation from the kidneys consisted 
of enlarged veins in the proximal ureter and 
hilus, which were quite dilated, especially on 
the left side. The renal capsular vessels were 
neither enlarged nor dilated. Unfortunately the 
extent of thrombosis of the vena cava was not 
appreciated until after the relationships of some 
of these collateral veins had been disturbed. In 
addition to the dilated superficial vessels of the 
abdomen, the longitudinal vertebral sinuses and 
the internal mammary veins were quite dilated. 
The kidneys were of normal size, the right 


\ essels were 
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Fira. 1. Inferior vena cava at level of the liver with remote occlusion and recanalization. Hematoxylin and 
cosin, oriwinal magnification X 15°. 


Fic. 2. Splenic vein with remote ceclusion and recanalization. Hemosiderin is still present within the organized 


thrombus. Hlematoxviin and eosin, oremal magnification 150. 


weighed 160 em. and the left. 130 em. The 
capsule stripped with ease and revealed finely 
eranular surfaces with several irregular depres- 
sions in the cortex. The liver appeared normal 
except for a moderate centrilobular congestion 
and some necrosis at the site of biopsy. Several 
small black pigment stones were present in the 
gallbladder, and one such stone approximately 
3 mm. in diameter was present in the common 
duct, about 2.5 cm. proximal to the ampulla. 
The terminal 70 cm. of the large colon was 
markedly congested and edematous, and several 
extensive areas of necrosis and ulceration were 
present in the mucosa. The mucosa of the 
entire gastrointestinal tract was slightly edem- 
atous. No esophageal or gastric varices were 
seen at autopsy. 

Dre. Georce Sorenson: Histologic sections of 
the inferior vena cava from just below the 
entrance of the hepatic veins and at varving 
levels below this, appeared similar. (Fig. 1.) 
The lumen was filled with dense fibrous tissue 
within which there were a few small vascular 
channels which apparently represented a limited 
amount of recanalization. The microscopic 
appearances of the occluded iliac and renal veins 
were the same as the inferior vena cava. These 
occlusions were evidently of long duration 
although the exact age could not be determined. 
The splenic vein was also completely occluded 
with fibrous tissue within which there were 


APmit, 1960 


small vascular spaces and hemosiderin. (Fig. 2.) 
Some of the latter was within macrophages and 
some free within the tissue. This occlusion was 
probably of more recent origin, but still of 
moderately long duration. Evidence of increased 
collateral circulation was observed microscopi- 
cally in the liver capsule and the renal pelves. In 
both sites there were many dilated vascular 
spaces. 

The base of the mural thrombus within the 
superior vena cava was well organized, but the 
superficial portion was of recent origin. The 
left main pulmonary artery was completely 
occluded. This lesion was of relatively short 
duration, although organization was occurring 
at the periphery. (Fig. 3.) In a few of the smaller 
pulmonary arteries there were partial to com- 
plete fibrous occlusions and there were two small 
recent pulmonary infarcts. The portal vein 
contained a small organized mural thrombus 
which did not significantly limit the lumen. One 
of the larger hepatic arterial branches showed 
moderate intimal fibrosis, and within a few of 
the smaller branches of the hepatic artery there 
were fibrous occlusions with recanalization. 
(Fig. 4.) Microscopically, the liver contained 
much hemosiderin with Kupffer cells and 
parenchymal cells. This was confirmed by a 
Prussian blue stain of the liver section. There 
was also slight pericentral lobular atrophy in the 
liver. The kidneys contained evidence of slight 
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Fic. 3. Left main pulmonary artery with recent organizing thromboembolic occlusion. Hematoxylin and coun, 
original magnification X 300. 


Fic. 4. A branch of the hepatic artery with remote occlusion and recanalhzvation. Ilematoxviin and conn, 


original magnification X 450. 


PS 
Fic. 5. A portion of the colon showing acute pseudo- 


membranous colitis. Hematoxylin and ecosin, original 
magnification X 400. 


focal chronic pyelonephritis. The bone marrow 
showed erythroid hyperplasia. 

Histologic sections of the colon demonstrated 
intense acute mucosal and submucosal inflam- 
mation with recent thrombotic occlusion of the 
submucosal vessels and necrosis of the epi- 
thelium. (Fig. 5.) These features were character- 
istic of pseudomembranous colitis. 


The pathogenesis of this patient's disease is 
difficult to reconstruct. It is probable that the 
original thrombophichitis was the lower 
extremities and the disease ascended to involve 
the vena cava and some of us tributary veins 
At the time of death onlv the scars of the 
disease remained and the effects of them, Le., 
the hbrous occlusions of many contiquous veins 
The partial to complete occlusions of some of the 
pulmonary arteries were probably caused by 
thromboemboli which had developed the 
diseased veins at various times. 

The largest series of cases of vena caval 
obstructions was reported in 1911.* Of this 
group, about 20) per cent were of unknown caus, 
although the vena caval thrombosis usually was 
thought to be secondary to venous thrombosis in 
the vessels draining into the vena cava. This case 
would fit into this category. The widespread 
involvement of the abdominal veins would also 
make this case similar to what has been de- 
scribed as visceral thrombophlebitis migrans. t 
However, the involvement of hepatic arteries 
would be atypical for the latter designation. 

The primary anatomical diagnoses are as 
follows: fibrous occlusion of inferior vena cava 


* Preasants, J. H. Obstruction of the inferior vena 
cava with a report of 18 cases. Bull. Johns Hopkins Hesp., 
16: 363, 1911. 

Gereer, E. and Menverowrz, M. Visceral 
thromboplebitis migrans. Ann. Int. Med., 30: 560, 1949. 
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(lower two-thirds), iliac veins and renal veins; 
dilatation of thoracoepigastric, lateral thoracic 
and internal mammary veins, marked, of longi- 
tudinal vertebral sinus and of small veins in the 
adventitia of the vena cava and portal vein, 
capsule of the liver and proximal ureters; marked 
edema of lower extremities up to umbilicus; 
ascites, 7,500 ce.; multiple old organized 
thromin in the pulmonary arteries and recent 
partially organized thrombi in the superior vena 
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cava and the left pulmonary artery; recent small 
infarcts in the upper lobe of the right lung; 
organized thrombi in portal and splenic veins; 
fibrous occlusions with recanalization § of 
branches of hepatic artery; hyperplasia of 
vertebral bone marrow; hemosiderisis of liver 
and bone marrow; chronic cholecystitis with 
cholelithiasis and choledocholithiasis; recent 
epigastric surgical excision; and pseudomem- 
branous colitis, marked. 


Case Reports 


Acquired Hemolytic Anemia and Transient 


Erythroid Hypoplasia of Bone Marrow 


Leo M. Meyer. m.p. and Ropertr W. Berrcuer. pb. 
anside Ni ii bork 


HE occurrence of ervthroid hypoplasia ol 

bone marrow in acquired hemolytic anemia 
is sufficiently infrequent |/—3) to warrant a brief 
report of the following case. 


L. F., a fifty-one year old white man employed as a 
shoe salesman, was admitted to South Nassau Commu- 
nities Hospital! because of weakness and pallor ol three 
weeks duration. The past history disclosed no serious 
illnesses. The patient had no complaints to report 
immediately prior to onset of the present symptoms 
Occasionally he used various chemicals in dyeing 
shoes and had recently emploved some chemical! 
compounds in the garden, none differing from those 
he usually employed. 

A prior admission to another hospital had disclosed 
a pale, well developed man, not appearing ill and 
free of complaints. Aside from pallor, the physical 
examination was within normal limits. No enlarged 
nodes, liver, spleen or masses were felt. Laborators 
data revealed a hemoglobin of 5.7 gm. per cent, red 
blood cells 1.96 million per cu. mm., 
cells 6,450 per cu. mm. with a normal differential 
count, platelets 150,000 per cu. mm., reticulocytes 


white blood 


none, and occasional spherocytes. The blood group 
was AB, Rh positive, the results of the Coombs’ test 
were positive, direct and indirect (against a panel of 
known cells). No cold or autoagglutinins were present; 
no L.E. cells were seen. There was no blood in the 
stools, or urine: the urine contained a trace of uro- 
bilinogen. The serum total bilirubin was 0.5 mg. pes 
cent (direct 0.35, indirect 0.2). A hypotonic saline test 
of the patient's red cells showed beginning hemolysis 
at 0.44 per cent, complete hemolysis at 0.28 per cent 
(control 0.4 per cent and 0.32 per cent, respectively). 
Bone marrow aspiration revealed complete hypo- 
plasia of erythroid elements. 

Treatment with Medrol® was begun. All subse- 
quent pertinent data are shown in Figure 1. After 
ten days of treatment the hemoglobin fell to 4.6 em. 
per cent and the red cell count to 1.27 million per cu. 
mm. Reticulocytes were 0.5 per cent for the first time. 


Results of the direct and mdirect ( combs teats 
d positive 

At this time the patient was transferred to the 
South Nassau Communities Hospital for further stud- 
ies, On December 21, 1957 


cell count were 3.5 @m. per cent and 1.40 mullon pet 


the hemoglobin and red 
cu. mrm.. 0.7 percent, scrum total protein 
6.1 gm. per cent (albumin 4.5, globulin 1.5), direct 
Coombs test positive, indirect test negative, sphero- 
cytes present lhe serum total bilirubin was 0.55 me 
per cent (direct 0.26. indirect 0.29 No cold or auto- 
agglutinins present | | was 
absent. A hypotonic saline test showed beginning 
hemols srs at 11.46 per cert, « omplete heels sis atti 
percent ontrol 0.44 and 0.452 per cent, respec tively) 
No blood was present in the stools or urine 

Phe patients blood was cross-matched with a 
donot al the and Results thee 
indirect Coombs’ test were negative. The patient was 
given an intravenous injection of 25 ml. donor s blood, 
Repeated surface bods 


counting over the speen, liver and heart did not 


tageed with 


show evidence of increased accumulation of radio- 
activity over any organ during a period of one hour 
Samples of blood taken at five, ten, twenty, forty and 
sixtv minutes showed no decline in activity in whole 
blood or increase in plasma activity. No hemoglobine- 
mia was present. Thereafter the remainder of this 
donor's blood (475 ml.) was administered slowly and 
without complication. Urine samples failed to show 
any hemoglobinuria. Subsequent daily transfusions of 
S00 ml. each were uneventful: a total of 4,500 ml. was 
administered. The serum bilirubin levels remained 
essentially the same. Bone marrow examination on the 
third dav after this admission showed beginning 
erythroid regeneration (erythroblasts 2.8 per cent, 
normoblasts 4.4 per cent) 

ACTH was included on the thirteenth day of 
Medrol therapy, as shown in Figure 1. The reticulo- 
cytes rose only moderately, the highest level being 4.9 
per cent. On the cighth day after admission a bone 
marrow study revealed moderate ervthroid hyper- 


* From the South Nassau Communities Hospital, Oceanside, New York. 
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bia 1. Hematologic data and therapy in a patient with acquired hemolytic anemia and transient ervthroid hypoplasia 


ol bone marrow. 


plasia (erythroblasts 8.5 per cent, normeoblasts pet 
cent). The reaction to the direct Coombs test re- 
mained persitive, indirect was negative. Steroid ther- 
apy was gradually discontinued, as shown in Figure | 
When last seen four months after the onset of svimp- 
toms the hemoglobin and red blood cell count were at 
normal levels but the positive results of the direct 


Coombs test persisted 


NTS 


Ervthroid hypoplasia of bone marrow has 
been repeatedly observed in congenital hemolv tc 
anemia, sickle cell anemia, in infancy and child- 
hood, in association with thymic tumors, in 
normal children following infections or exposure 
to certain drugs, paroxvsmal nocturnal 
hemoglobinuria, and in a case of thalassemia 
minor | 4-7/0). Loeb et al. described one pa- 
tient with this bone marrow picture in whom 
evidence of an hemolytic process developed; 
there was a partial remission following splenec- 
tomy. However, the occurrence of ervthroid 
hypoplasia of bone marrow with autoimmune 
hemolytic anemia has been reported only three 
times. In 1952 Davis and his associates | /) 
described a patient with a five-month history 
characteristic of severe hemolytic anemia, a 
negative reaction to the direct Coombs’ test, 
moderate reticulocytosis and normoblastic bone 
marrow. As the patient's condition deteriorated, 
the reticulocytes disappeared, the results of the 
direct Coombs’ test became positive and only 
occasional normoblasts were found in the bone 
marrow. Therapy consisted of repeated blood 
transfusions and the intramuscular administra- 
tion of ACTH with satisfactory clinical and 
hematologic improvement. Subsequent splenec- 
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tomy (because of splenomegaly) was followed by 
complete remission, but the results of the direct 
Coombs’ test remained positive. In 1953 
Lisernann and Dameshek |2) described a patient 
with autoimmune hemolvtic anemia, reticulo- 
evtes 0.3 per cent, and hypocellular erythroid 
bone marrow. The patient was treated with 
multiple blood transfusions, ACTH and corti- 
sone. The reticulocytes disappeared, but the 
hypoplasia of red cell elements in bone marrow 
persisted. A splenectomy was performed. This 
resulted in a decreased need for blood trans-. 
fusions. No reticulocytes were seen for seventeen 
davs and the bone marrow remained hypo- 
plastic. After this period reticulocytes began to 
appear and the bone marrow showed erythroid 
hyperplasia. Complete clinical and hematologic 
remission ensued, but results of the Coombs’ 
test remained positive. In 1956 Bove |3] reported 
the third instance of erythroid hypoplasia of 
bone marrow and symptomatic hemolytic ane- 
mia which occurred in a patient with Hodgkin's 
disease. Autoagglutination of red cells was pres- 
ent. No reticulocytes were found in blood films 
and the bone marrow showed marked reduction 
of erythropoiesis. The patient was treated with 
cortisone. Six days later a reticulocyte appeared 
(0.1 per cent). Following this there was a satis- 
factory reticulocytosis, the bone marrow showed 
hvperervthroblastosis, and clinical and hemato- 
logic remission followed. The results of the 
Coombs’ test were negative. 

The present case fulfills all the clinical and 
laboratory criteria for the diagnosis of acquired 
hemolytic anemia. In retrospect it appears that 
the appearance of 0.5 per cent reticulocytes 
on the tenth day of Medrol therapy heralded a 
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beginning remission. However, the patient's 
clinical condition was so poor that immediate 
transfusions were indicated. ACTH was added 
as Medrol was reduced since the reticulocytes 
remained at less than 1 per cent for four days 
and regeneration of erythroid elements in bone 
marrow was poor. 

The role of steroids in the management of 
autoimmune hemolytic anemia is well estab- 
lished and requires no discussion in this report. 
There have been several reports suggesting 
that therapy with ACTH may be more ethica- 
cious than cortisone in acquired hemolytic 
anemia when the latter fails to evoke a satis- 
factory remission | /2-75). 


CONCLUSION 


A patient with acquired hemolytic anemia 
with severe erythroid hypoplasia of bone mar- 
row, successfully treated with = steroids, is 
described. Clinical and hematologic remission 
persist even though results of the direct and 
indirect Coombs’ tests remain positive. 
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Elective Thymectomy in the Treatment of 
Aregenerative Anemia Associated with 
Monocytic Leukemia’ 


Lawak Sourrer. and Cuarres P. Emerson. 


Boston, Massachusetts 


ECENTLY there has been considerable inter- 
R est in the association of tumors of the 
thymus gland with refractory anemia. A vear 
ago we reviewed the literature and brought up 
to date two cases of our own which had been 
previously reported |2/). Both diseases are rare; 
their association, therefore, implies more than 
comeidence. 

In Table t are presented all cases of benign 
with aplastic anemia 


thymoma associated 


reported to date. There are seventeen of these 
cases. Chalmers (7 has stated that seven addi- 
tional cases have been described to him by vari- 
ous doctors, both in England and this country. 
(‘ase reports of variations of the syndrome, in 
which the tumor was not benign or in which 
there was depression of marrow elements other 
than red cells alone, have also appeared in the 
literature. Opsahl |/6) reported a case of car- 
cinoma of the thymus associated with anemia 


T 
ABLE 


CASES OF BENIGN THYMOMA ASSOCIATED WITH HYPOPLASTIC 


\NEMIA 


late 


Maatras and Priesel 1928 None 
Humphreys and cath 145 y 
Check et al Yea 

Hakker 1954 Yes 
Weinbaum and Dhompeon 1955 | None 
Subbe 1955 None 
K amos 1956 Yes 

1. 1957 Ya 
Bayrd and Kernatz 1957 
Hartwell and Meret 1957 Nene 
Miclke 1957 None 
Clarkson and Prockop 1958 | Yes 
1954 Ves 
1958 

Ross, Soutter, Limerson, ct al > 1984 Ves 

1958) 


(per ation 
Reported 


Result Late Result 


LDhed 
response Died 
resporse 
| Improved on ACTH after sple- 
Improved, relapsed nectomy, died 
 Unumproved Improved on ACTH after sple- 


(ood (died in 3 wk.) 


nectomy, relapsed 


Died 
| Died 
Died | 
Died 


i 


U nimproved 
U nimproved 


Complete remission 


U nimproved 


Nore: Seventeen patients with thymoma associated with refractory anemia, as reported in the literature. Six came 
to autopsy without prior surgery, cleven underwent removal of the tumor. 


* From the Departments of Surgery and Medicine, Boston University School of Medicine, and the Massachusetts 
Memorial Hospitals, Boston, Massachusetts. 
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and leukopenia. Radojevic and Hahn (/s 
discussed a case in which pancytopenia was 
associated with a radiated mass in the thymic 
region. Polayes and Lederer |/7| described a 
patient with mass in the anterior mediastinum 
and aplastic anemia. Josse and Zacks |/3) re- 
ported a case of pancytopenia associated with 
benign thymoma and Wintrobe | 27) has referred 
to the association of thymic hyperplasia and 
anemia. Recently, Clarkson = and 
reported a case (listed in Table 1) 


aplasuc 
Prockop 
of thymic tumor associated with anemia; they 
also presented an interesting case history of a 
patient who had a huge thymoma removed in 
1950, who returned two vears later with an 
aregenerative anemia and a localized carcinoma 
of the breast |7|. A parallel might be drawn 
between this case and those in which patients 
have had thymic tumors removed only to have 


myasthenia develop subsequently. A number of 


such cases have been reported | 

If there is a cause and effect relationship be- 
tween thymic tumor and anemia, what is the 
eflect of removing the growth? Because of the 
cases ol 


rarity of remission in 


aplastic anemia a favorable response would 


spontaneous 


immediately assume some significance. Of the 
case reports listed in Table 1, those of Matras and 
Priesel |/4|, Davidsohn (4), Weinbaum and 
Thompson Stibbe [22), Hartwell and 
Mermod |//| and Mielke |/5) described patients 
who had come to autopsy without operation. 
In the other eleven cases listed in the table the 
patients had had the tumor removed surgicalls 
and sometimes the thymus gland as well. 
Among these we find the following results of 
surgery: One patient who died postoperativels 
/9\: four patients who had a favorable response 
immediately after operation; two pauents who 
responded later: and four patients who showed 
no early response, at least one of whom was fol- 
lowed up long enough to be sure that there 
remission of the disease. 
apparently 


would be no late 
Humphreys and Southworth |/2 
cured the aplastic anemia of a young woman by 
excising her thymoma in 1945. However, 
she died ten months later of pneumonia, without 
evidence of agammaglobulinemia. Chediak et 
al. |\6, apparently accomplished a similar cure, 
but as yet we have obtained no follow-up in- 
formation on the patient. Chalmers and 
Boheimer’s [3] first patient was treated in- 
effectually with ACTH; then a thymectomy was 
performed in 1951 and there was an erythro- 
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poietic response followed by a relapse. Sple- 
nectomy brought about only temporary improve- 
ment, but the subsequent relapse was treated 
effectively with ACTH until the patient's death 
over two vears later from hepatic cirrhosis and 
siderosis (4). Chalmers and Boheimer’s second 
patient may have received limited benefit from 
ACTH therapy prior to surgery. In 1953 a large 
thymoma on a stalk was removed; the body of 
the gland was not apparently disturbed (35). 
There was no immediate effect from this opera- 
tion or from a subsequent splenectomy. How- 
ever, after splenectomy ACTH therapy brought 
about a return of red cell formation. In 1955 the 
patient became refractory to all forms of therapy. 
The question of removing the remaining thymic 
tissue had not been raised because of the pa- 
trent’ s age and other factors. Bakker’s patient 
had a good reticulocyte response to surgery but 
died three weeks postoperatively of mvocarditis. 
Two patients described by Bayrd and Bernatz 
” and one by Clarkson and Prockop |7) failed 
to show any carly response. The longest recorded 
follow-up on these three patients ts tWo years, so 
that a remission, although unlikely, is still possi- 
ble. Our two patients, reported on by Ross et al. 
»), showed no early response at the time they 
were described. The first patient failed to 
respond to splenectomy or ACTH therapy; she 
died of hypogammaglobulinemia and infection 
without hematopoietic response six vears alter 
thymectomy. Ramos’ patient also had agam- 
maglobulinemua 

Our second patient had a thymectomy in 
1951, performed by Dr. John W. Strieder. There 
was no response until 1955 when the vearls 
number of transfusions required dropped from 
thirty to eleven. In 1956 she required only one 
transfusion, and since then none. It is not certain 
whether this is a spontancous remission or the 
delaved effect of thymectomy. We are disposed 
to postulate, however, that if a repressive ctlect 
is exerted by the thymus or some other agency 
upon red cell formation, removal of this agent 
will not necessarily be followed immediately 
by bone marrow recovery. This hypothesis 
might explain the slow response of this patient 
and, by the same token, other patients could be 
expected to have a late return of hematopoiesis. 

The pathology involved in this problem is an 
unknown factor. Benign thymic tumors are 
described in most cases and are probably, as 
Chalmers | 4) has suggested, lymphoepitheliomas. 
We do not know that these tumors are histo- 
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logically similar, and we will not know untl 
a single pathologist examines tissue from each. 
The possibility that thymic tumors affect the 
bone marrow through the agency of a humoral 
secretion is another questionable factor. The 
literature is full of conflicting reports on the 
effect of thymic extracts upon hematopoiesis 
in animals (/5). This relationship between 
tumors of the thymus and refractory anemia 
is no nearer solution than its that between the 
thymus and myasthenia gravis. Three of the 
patients listed in Table 1 (Chalmer’s first case, 
Bakker’s patient, and Weinbaum and Thomp- 
son's patient) had myasthenia. Wintrobe’s 
patient who had anemia and thymic hyperplasia 
also had myasthenia. 

It has seemed to us that, despite the obscurity 
of the relationship between thymic tumor and 
red cell anemia, there was evidence of some con- 
nection between the two based upon the course 
after thymectomy. If such were the case the next 
logical step would be to remove a roentgeno- 
graphically normal thymus from a patient with 
intractable red cell aplasia and observe the 
results. We found a patient whom we considered 
to be suitable and performed a thymectomy. The 
case report follows: 


W. S.. a white male, married, machine grinder, 57 
vears of age, first came under our observation at the 
Massachusetts Memorial Hospitals in August 1955. 
He had been referred to us by his local physician for 
a study of a refractory anemia which had been 
recognized approximately six months previously. His 
local doctor, whom he consulted because of a rejection 
by the Red Cross Donor Clinic, discovered his red 
count to be 2.8 million per cu. mm. Roentgenograms 
of the wastrointestinal tract revealed no abnormalities. 
Phe patient had been placed on a convalescent Sippy 
regimen. Hematinic therapy was supplied in the form 
of iron taken orally and frequent injections of liver 
extract and vitamin B,. which, however, proved to be 
ineffective. Except for moderate fatigue and exer- 
tional dyspnea, the patient was essentially free from 
symptoms 

His past history and system review were non-con- 
tributory except for a potential toxic exposure to 
benzol in 1945 when he was engaged in demon- 
strating a vulcanizing machine which entailed fre- 
quent and intimate contact with a rubber solvent. 

Physical examination on August 11, 1953, gave no 
abnormal physical findings other than for moderate 
pallor of the skin and mucous membranes. His 
hemoglobin was 9.3 @m., red cell count 2.34 million 
per cu. mm., hematocrit 38 per cent and reticulocytes 
2.1 per cent. Results of the Coombs’ tests were nega- 
tive; the erythrocyte osmotic fragility was normal. 
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His bilirubin concentrations were as follows: con- 
jugated, 0.1 mg. and free, 0.6 mg. per 100 ml. The 
white cell count was 4,900 per cu. mm. with 35 per 
cent segmented neutrophils, 21 per cent band forms, 
2 per cent basophils, 4 per cent lymphocytes, 11 per 
cent monocytes, | per cent blast forms and 25 per 
cent unidentified elements. The latter group was 
comprised of hybrid forms in which characteristics 
of young lymphocytes, monocytes and plasma cells 
were combined. The sternal marrow fluid was 
markedly hypercellular, containing an abundance of 
immature forms with monocytic features. A patho- 
logic report described the findings as normal. Histo- 
logic sections of the clotted marrow were described as 
“unremarkable.” Erythrocyte sedimentation rate 
(Wintrobe method corrected) was 10 mm. per hour; 
fasting blood sugar 78 mg. per cent, cephalin floccula- 
tiom test 3 plus in forty-eight hours; bromsulphalein 
test showed 4 per cent retention; thymol turbidity was 
| unit. The urinalysis was negative. Repeated stool 
examinations were negative for hemoglobin. The pH 
of the fasting gastric contents was 1.9 units. A chest 
roentgenogram, a barium enema and an upper gastro- 
intestinal series were all within normal limits. On the 
basis of these observations the patient was considered 
to have either chronic monocytic leukemia or an 
unusual maturation deficit involving erythrocytes 
and leukocytes. 

He continued to work as a machinist during the 
ensuing four vears, his hemoglobin maintained be- 
tween 8 and 12 gm. per cent by means of transfusions. 
A total of 152 units of red cells was administered 
between September 1955 and September 1957. 
Erythrocyte activity was minimal or absent, on the 
basis of his donor blood requirements and on data 
from transfusions of labelled red cells, which appeared 
to exclude a hemolytic component in the pathogenesis 
of his anemia. Unsuccessful therapeutic trials were 
carried out with oral folic acid 5 to 15 mg. given daily 
for six months; ascorbic acid 300 mg. given daily for 
thirty days: cobalt, in the form of Roncovite,” 30 to 
60 me. given daily for thirty days; pyridoxine hydro- 
chloride, 250 mg. administered intramuscularly in 
the course of ten days; and vitamin By» given intra- 
muscularly in 1,000 we. doses. There was no hemo- 
poietic response to the administration of prednisone 
in 15 to 30 me. daily doses, and no beneficial effect was 
produced by the intravenous administration of 30 mg. 
nitrogen mustard (0.4 mg. per kilo). 

In March 1956, the patient had an exploratory 
laparotomy because of lower abdominal pain. Biopsy 
specimens of the liver and of small mesenteric nodes 
demonstrated marked hemosiderosis, but there was no 
histologic evidence of malignant disease. 

In the spring of 1957 the possibility of a beneficial! 
effect resulting from thymectomy was presented to the 
patient. He accepted the idea of surgery. The opera- 
tion was performed on June 6, 1957, and was followed 
by a brief reticulocytosis which was short-lived. (Fig. 1.) 
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The gland weighed 30 gm. (the upper limit of normal 
weight) and was described as hyperplastic. The bone 
marrow, examined microscopically, was character- 
istic of that found in aregenerative anemia but showed 
no other abnormality. Anemia recurred but, perhaps, 
progressed more slowly. Four weeks postoperatively 
(July 5, 1957) prednisone was given orally at a dosage 


level of 20 mg. daily. Despite the apparent failure of 


this agent to improve erythropoiesis when given 
for ten weeks in 1956, prior to thymectomy, the 
reticulocytes increased on this occasion and the 
hemoglobin was maintained thereafter at a fairly 
stable level, i.c., between 9 and 10 gm. per cent with 
only rare transfusions. 

Two months postoperatively the patient's general 
status deteriorated, partly, it was believed, because of 
impaired ventilation which was retiected by ab- 
normally large arteriovenous oxygen differences 
both with and without 100 per cent oxygen inhalation. 
Electrocardiographic tracings demonstrated coronary 
sinus rhythm and other evidences of myocardial 
damage. Chest roentgenograms indicated progressive 
cardiac enlargement and the development of a pleural 
effusion on the right lung. Dependent edema became 
increasingly marked despite digitalization and restric- 
tion of dietary sodium to 200 mg. daily. Smears of the 


peripheral blood and marrow demonstrated mono- 
cyuc and histiocvuc hyperplasia, imterpreted as 
malignant 

On October 1, 195°, the patient was transferred 
to the Boston Veterans Administration Hospital 
where he continued to receive prednisone, 25 me 
daily, and transfusions as indicated in Figure 1 
Roentgenograms of the chest began to show densities 
in the lung fields which were suggestive of “car- 
cinoma.” In January 1958, the patient became con- 
fused, on one occasion requiring transfer to a closed 
psychiatric ward with a diagnosis of “paranoid 
schizophrenia.” His mental status improved to the 
extent that he was able to return home briefly; how- 
ever, on March 3, 1958, he became extremely weak 
and returned to the hospital in a deteriorated condi- 
tion. He did not respond to an increase in steroids to 
40 me. daily. His hematologic status was essentially 
unchanged. He died on March 7, 1958. Autopsy 
revealed abscesses of the lung and extensive hemo- 
siderosis. The bone marrow findings were typical of 
monocytic leukemia. 


A comparison of the patient's blood require- 
ments before and after thymectomy suggests 


that his blood production increased following 
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operation. During the nine-month period from 
June 5, 1957 (the day of operation) to March 7, 
1958 (when he died) he received 10 units of 
donor red cells, whereas during the nine-month 
period immediately preceding thymectomy he 
received 28 units, and during the preceding 
nine months, 36 units. His hemoglobin levels 
during the three nine-month periods were 
maintained within the same range, as is evident 
in Figure 1. Additional evidence of increased 
erythropoiesis may be deduced from the reticulo- 
cyte counts which were significantly higher 
postoperatively. The possibility that steroid 
therapy may have contributed to or have been 
responsible for his increased erythropoiesis can- 
not be excluded. 


COMMENTS 


In discussing this case with Chalmers in 
November 1957 we discovered that he had been 
instrumental in an elective thymectomy per- 
formed in a child for pure red cell anemia. A re- 
port of this case has subsequently been pub- 
lished (4). His experience, like our own, offered 
lithe encouragement. The patient was a ten 
month old boy suffering from pure red cell ane- 
mia diagnosed at the age of three months. 
Various medications were emploved to stimulate 
the bone marrow but, except for a small reticulo- 
cyte response to the administration of a “growth 
hormone,” only transfusions were of value. At 
the age of ten months a thymectomy was per- 
formed by Mr. A. L. d’Abreu. The reticulocyte 
count was zero before surgery but rose to 7 per 
cent alter the operation, the highest it had been 
in the child's life. Normoblasts were present upon 
marrow aspiration in appreciable numbers upon 
the thirteenth postoperative day (they had not 
been found previously). The child subsequently 
had a relapse and again failed to respond to 
therapy. 

Chalmers’ case and our own represent im- 
mediate favorable reticulocyte responses (7 per 
cent in his case, 5 per cent in ours) to thy- 
mectomy in the absence of a thymic tumor. 
Although Chalmers’ patient relapsed com- 
pletely, ours did so only partially because 
he responded favorably to cortisone therapy 
with greatly reduced transfusion requirements 
until the time of his death nine months later. 
It is unfortunate that in our patient the onset 
of anemia followed a limited exposure to benzol 
as it removed him from the group of patients 
with idiopathic aregenerative anemia. It also is 
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unfortunate that monocytic leukemia subse- 
quently developed as this throws some doubt 
upon our preoperative assumption (based upon 
bone marrow studies) that he was probably not 
leukemic. Both findings invalidate any conclu- 
sions which might be drawn from this case upon 
the effect of thymectomy in pure red cell anemia. 


CONCLUDING REMARKS 


Data have been presented from the literature 
concerning cleven patients with benign thymoma 
and hypoplastic anemia, and two patients with 
roentgenographically normal thymus glands 
but severe aregenerative anemia, who underwent 
excision of the tumor, the thymus or both. Six 
patients with thymomas were benefited by sur- 
gery: four with an initial erythropoietic response 
and two with a late one. One patient died 
postoperatively and the remaining four patients 
have not been improved. The two patients 
with elective thymectomy had a good response 
initially; subsequently one relapsed completely, 
the other had only a partial relapse which was 
modified by cortisone therapy but the patient 
died of monocytic leukemia diagnosed four 
months postoperatively. Although the influence 
of the thymus upon the bone marrow is not 
clear, these results suggest that it would be 
desirable to conduct further studies on the effects 
of thymectomy upon patients suffering from 
refractory anemia. 
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Hypophosphatasia in the Adult’ 


J. E. Betuune. and C. E. DENT, 


Halifax, Nowa Scotia 


YPOPHOSPHATASIA has been known for ten 
H vears as a clinical entity occurring in 
children |/). Many reports have dealt with 
children who have been severely afflicted with 
the disease and have died in infancy. However, 
others have noted milder forms of the disease in 
childhood which exhibited progressive improve- 
ment over a period of two to three vears |2). If 
the defect responsible for che disease persists, it is 
surprising that there have not been more reports 
of its occurrence or of its residual effects in 
adults. We are presenting here what we believe 
to be an example of this disease in two adult 
sibs in whom we have evidence that the affliction 
was also present in childhood and was inherited. 


CASE REPORTS 


Cast 1. A forty-two year old woman, a printing 
machine operator (Maud P.), was seen by one of us 
(CC. E. D.) in 1953 when she was referred for diagnosis 
to the Roval Society of Medicine by Dr. G. H. Jen- 
nings of Edgware General Hospital. At that time no 
definite diagnosis was suggested but a urine specimen 
was obtained and analysed chromatographically. A 
large amount of an amino acid behaving like phos- 
phoethanolamine was found but not then positively 
identified. By the following year urine specimens from 
several children with hypophosphatasia had been 
analysed in this laboratory and it was noted that a 
large phosphoethanolamine excretion was character- 
istic and probably pathognomonic of the disease 
3-5). On a periodic review of old chromatograms the 
identical excretion pattern of urine was noted in the 
specimen obtained from Maud P., and it became 
clear that she was probably an adult with hypo- 
phosphatasia. It was then arranged to admit her to 
University College Hospital for metabolic studies. 

She was born of a normal pregnancy and weighed 
Sty pounds at birth. At first breast fed, she was 
weaned to cow's milk because of a persistent feeding 
difficulty which was not completely alleviated until 
the age of two years. At an unknown age in infancy 
it was noted that she had bandy legs; rickets was 
diagnosed and she was treated at Guy's Hospital with 
cod liver oil, malt extract and ultra-violet light. 
(Fig. 1.) Light treatment was continued until age 
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twenty. She did not walk until the age of two and a 
half, but her legs straightened and she gradually 
recovered, with only some residual chest deformity 
remaining. As a child she was fairly well but was never 
able physically to keep up with other children. Her 
first teeth decayed rapidly and the second dentition 
became carious at an early age. By the age of twenty 
all her teeth had been extracted. At the age of four- 
teen pain and swelling developed in the right knee. 
Locking of this joint thereafter occasionally occurred, 
but a definite diagnosis of dislocated meniscus was 
never made and she continued to have some inter- 
mittent pain and swelling for years. At the age of 
twenty-one she began to have arthritic pains in the 
hands and wrists, these were treated with heat and 
massage with little effect. She continued to work, 
never entirely free from pain, until the age of thirty- 
five when minor trauma resulted in a fracture of a 
metatarsal bone in the right foot. This was placed in a 
plaster cast and healed very slowly. Three years later 
severe stabbing pain developed in the left hip radiat- 
ing down the thigh which was made worse by weight 
bearing. A roentgenogram revealed a “‘crack’”’ in the 
left femur which did not heal completely with six 
months of orthopaedic treatment supplemented by an 
unknown dose of vitamin D. With the return of weight 
bearing the pain recurred, and for the first time a 
similar pain was noted in the right hip and thigh. The 
patient also noted occasional aches and pains in the 
shoulders, back and hands; she later cracked a 
phalanx in her right foot. At this point she was 
admitted to the University College Hospital. 

The family history revealed the patient to be the 
third of five children. The first and second were 
healthy, normal boys, the fifth a healthy girl. The 
fourth, ten months younger, was a girl who had 
suffered in childhood from a similar type of “rickets.” 
Her history is dealt with under Case u which follows. 
The full family survey is to be published in more detail 
by Dr. H. Harris and his collaborators. As has been 
found by others, many relatives have low normal 
alkaline phosphatase levels. In addition, Harris has 
shown that many excrete small quantities of phos- 
phoethanolamine in the urine [6]. 

Examination of Maud P. revealed a woman of 
short stature (5774 inches) and normal body propor- 
tions (crown to pubis 29 inches, pubis to heels 29 
inches, span 5734 inches). Her weight was 44 kg. 


* From the Medical Unit, University College Hospital Medical School, London, W.C.1, England. 
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Fic. 1. Case 1. Taken at age seven while the patient 
(Maud P.) was receiving ultra violet ray treatment for 
“rickets.” Note Harrison's sulci and rickety rosary. 


There was some deformity of the skeleton with a 
prominent sternum and clavicles, Harrison's sulci and 
mild costochondral enlargements. There was no 
frontal bossing; the lumbar spine was lordotic with a 
limited range of anteroposterior movement. The 
thoracic spine was unusually straight. (Fig. 2.) There 
was slight forward and lateral bowing of both femurs 
and there were well localized points of bony tender- 
ness at the junction of the upper and middle thirds 
of these bones. There was an early cataract of the 
right eye but no calcification or blue scleras, and the 
discs were not pale. The blood pressure was 90, 60 
mm. Hg. Chvostek’s and ‘Trousseau’s signs were 
negative, as was further examination of the nervous 
system. There were no other physical abnormalities. 

Laboratory examinations included the following: 
haemoglobin, haematocrit, erythrocyte sedimentation 
rate, white blood cell count, all normal. Sodium, 
145 mEq.,/L.; potassium, 4.6 mEq./L.; carbon 
dioxide, 104 mEq./L.; calcium, 10 mg./100 m1; 
phosphorus, 4.6 mg./100 ml.; magnesium, 2.16 mg. / 
100 ml.; alkaline phosphatase, 2.9 King-Armstrong 
units; acid phosphatase, 2.5 King-Armstrong units. 
The blood urea was 27 mg./100 ml.; urea clearance, 
101°: urine sediment, normal; concentration and 
dilution test, specific gravity 1.002—1.023. A urinary 
amino acid chromatogram showed a glycine pattern 
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Fic. 2. Case 1. Note prominent sternum and straight 
thoracic spine, features also characteristic of the child 
cases of hypophosphatasia. 


(normal), and in addition a strong phosphoethanol- 
amine spot. This pattern has been reproduced on 
every subsequent specimen. Plasma electrophoresis 
was normal 

Radiological examination revealed a minor degree 
of rarelacuon throughout the skeleton. The main 
findings which were clearly responsible for most of 
her symptoms were the fractures of both femurs at the 
junctions of the upper and middle thirds of the shafts. 
(Fig. 3.) Exocallus formation around these fractures 
was minimal, but there was much endocallus. No 
fractures were noted elsewhere, but there were some 
interesting changes in the shape of the bones. The 
skull was small and round (Fig. 4), with a “copper- 
beaten” appearance. The thoracic cage was normal 
in size but the chondral ends of the ribs were grossly 
enlarged, as if there had been severe rickets in child- 
hood without sufficient opportunity to remodel the 
bones subsequently. (Fig. 5.) Lack of remodelling 
was also noted at the ends of some of the long bones. 
The tibias, for instance (Fig. 6), were flask-shaped at 
their proximal ends. The vertebral bodies were of 
normal shape, the thoracic spine (Fig. 7) being 
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hia. 3. Case t. Roentgenogram of pelvis. Note ectopic 
calcification and fractures in both femurs. 


unusually straight. The bones were otherwise of 
apparently normal structure with no suggestion of the 
changes found in other metabolic diseases such as 
osteomalacia or hyperparathvroidism. 

An additional finding visible on the roentgeno- 
grams was the presence of a considerable degree of 
ectopic calcification around the joints and tendon 
attachments to bone. This is perhaps best seen in the 
region of the ischia and femoral heads (Fig. 3), and in 
the intervertebral ligaments. (Fig. 7.) 


Case u. Kathleen C., a forty-one year old house- 
wife, sister to Maud P., was seen because she was said 
to have suffered “rickets” as a child and to have been 
treated at the same time as her sister. (Fig. 8.) She 
recovered from this illness and has remained well 
since. However, she had lost her primary dentition 
early and all her teeth by the age of nineteen because 
of a “lack of proper enamel,” and she had been 


hia. 5. Case t. Roentgenogram of chest. Note particularly 
the expanded anterior ends of ribs. 
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Fic. 4. Case t. Roentgenogram of skull. 


advised to have her children by Caesarian section 
because of a small pelvis. She is otherwise active and 
well. 

Examination revealed a weight of 36.5 kg., a 
height of 5744 inches and a span of 58 inches, with 
normal body proportions. There was a slight pallor 
of both optic discs. The chest was deformed by the 
presence of a protrusive sternum and Harrison’s sulci. 
The thoracic spine was unusually straight. The 
skeleton was otherwise normal except for a slight 
inward bowing of both tibias but there was no genu 
valgum. Further examination was within normal 
limits, except for evidence of a healed chronic 


Fic. 6. Case t. Roentgenogram of knees. Note Erlenmeyer 
tlask shape of the proximal ends of the tibias. 
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Fic. 7. Case 1. Roentgenogram of thoracic spine. Note its 
straightness, squaring of the vertebrae with calcification 
of intervertebral ligaments. 


mastoiditis. Her plasma alkaline phosphatase was 
1.5 King-Armstrong units, and her urinary chromato- 
gram had the same abnormal phosphoethanol- 
amine spot as was found in her sister's (Maud P.) 
chromatogram 

Radiological examination revealed changes in her 
bones identical to those found in her sister Maud. Only 
two features differed from those already mentioned. 
namely, there were no fractures in her femurs or other 
bones, and the ectopic calcification, while definitely 
present and distributed in the same manner, was 
much less advanced. To illustrate the remarkable 
resemblance between the two sisters, her chest roent- 
genogram is shown in Figure 9. 

She has a son, aged eight, who is of normal stature 
and enjoys excellent health. His plasma alkaline 


Fic. 8. Case u. Taken at age six while the patient 
(Kathleen CC.) was receiving ultra violet ray treatment 
for “rickets.” Note the remarkable resemblance to her 
sister shown in Fieure 1. This resemblance continues to 
the present date. 


Fic. 9. Case nu. Roentgenogram of chest. Note remarkable 
resemblance to Figure 5. 


phosphatase is 8.5 King-Armstrong units; a valuc 
below normal for this age 
She has remained in good health to the time of 


writing. 
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VETAROLIC STUDIES AND PFPOLLOW-UP 
OF CASE 1 


Metabolic balance data for calcium and 
phosphorus, and alkaline phosphatase levels 
before and during treatment with vitamin D., 
vitamin Dy, and cortisone, are shown in Figure 
10. An attempt was also made (not shown here) 
to demonstrate possible changes in plasma 
calcium levels coincident with induced changes 
in plasma phosphorus. This was done by giving 
orally a solution of 20 em. of neutral sodium 


phosphate tor twelve days, followed by 120 mi. of 


aluminum hydroxide suspension (6.6 per cent) 
daily for twelve days. No changes in plasma 
calcuum were observed coincident with phos- 
phorus values ranging from 3.1 to 6.8 mg. 100 
mil. It is to be noted that plasma phosphorus has 
always been somewhat elevated in this patient 
while plasma calcnum has always been normal. 
Throughout this period there was no demon- 
strable objective iunmprovement in balance data 
or in roentgenographic appearances, and no 
sulyective change was noted by the patient. 
The main features of the calcium and phos- 
phorus balances are that she ts in balance for 
both calcium and phosphorus, and that a 
shahth @reater than the normal proportion of 
both calcium and phosphorus is excreted in 
urine, with less in the faeces. This resembles 
the excretion pattern following a mild overdose 
of vitamin D. Renal clearance studies (not 
included here) have shown that the raised 
plasma phosphorus is entirely due to over- 
absorption of phosphorus from the diet and not 
at all to a lowered renal clearance. 

This treatment produced no obvious im- 
provement in the patient and she was then 
treated with stilbestrol (0.25 me. dav) and 
aluminum hvdroxide (120 mil./dav), and fol- 
lowed in the Out Patients Department. Further 
treatment over varying periods, including a dict 
low in vitamin D, the administration of methyl- 
testosterone, vitamin A, cortisone and small 
doses of calciferol, did not alter the clinical, 
lnochemical or radiological aspects of the disease. 
The plasma alkaline phosphatase has always 
remained between 1.2 and 3.5 King-Armstroneg 
units. 

Eight months following discharge this patient 
was admitted to the Royal National Orthopaedic 
Hospital, where a “drilling” of the affected area 
of the left femur was performed by Mr. J. I. P. 
Jones on January 7, 1957. When weight bearing 
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was resumed six months later the pain in the 
femur had greatly lessened and has since disap- 
peared. This procedure was performed because 
of the remarkable effect Macey |7! reported in 
two similar cases in which osteotomy was per- 
formed, and in a further case kindly described 
to us by Dr. Henneman [4}. The rise in plasma 
alkaline phosphatase noted by Macey following 
this procedure was not duplicated in our patient. 

Her clinical state has slowly worsened. She 
now complains of migratory aches and pains in 
multiple bones. In May 1958, a roentgenogram 
revealed a fracture of the fifth rib on the right 
under an area of somewhat more severe pain 
than normal. No trauma had been noted. The 
fracture ts gradually improving under conserva- 
tive treatment. 


COMMENTS 


The clinical data from our two _ patients 
strongly suggest that they have hypophospha- 
tasia, the same disease as is now well described in 
the paediatric literature. Not oaly had they 
both in childhood mantlested clinical signs simi- 
lar to those of “rickets,” from which they had 
made spontaneous recoveries, but they had both 
had dental defects producing early loss of pri- 
mary and secondary dentition. In addition, thev 
both have small skulls with a “‘copper-beaten” 
appearance as seen on roentgenograms, and one 
sil» has pale optic dises, all of which we consider 
evidence of some increased intracranial pressure 
in childhood. Their present body build and 
roentgenograms are also consistent with what 
one would expect from healed survivors of child- 
hood hypophosphatasia. 

The biochemical studies also support this 
suggestion since, as one would expect from an 
inherited condition, they are exactly the same 
as in the disease of childhood. Not only have they 
low plasma alkaline phosphatase levels (this 
finding is not too specific, as it may occur in 
other diseases and the normal range of levels is 
widely scattered) |9,/0] but they also have a 
large constant excretion of phosphoethanol- 
amine in the urine. This finding has been present 
in all fourteen patients with child hypophospha- 
tasia whose urine specimens have been submitted 
to Dr. H. Harris and ourselves for analysis. It 
has also been found in nine of the ten urine 
samples in which it was looked for in the cases 
quoted by Fraser |2|. The only exception (his 
Case 29) is reported as having renal insuffi- 
ciency, a situation which we would expect to 
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decrease greatly the phosphoethanolamine excre- 
tion. The identification of the latter compound, 
originally only by chromatographic methods, has 
now been confirmed by Cusworth |/7). He used a 
urine specimen from our patient (Maud P., 
Case 1) for this purpose. 

Further evidence in support of the view that 
the same disease exists in our adult Cases as 
occurs in childhood comes from our prelimi- 
nary study of the family, which has shown 
that other relatives have low normal plasma 
alkaline phosphatase levels and a slight degree 
of phosphoethanolaminuria. Our genetic studies, 
published in a preliminary form, of thirteen 
families in which there were child cases show 
the same features |6). 

These two sisters present many similarities to 
the two brothers described by Macey |7) under 
the title of “‘multiple pseudofractures.”’ He also 
noted low plasma alkaline phosphatase levels, 
and considered whether or not this was con- 
cerned in the pathogenesis of the disease. Dr. 
Henneman has also kindly sent us details of an 
adult case which shows many similarities to ours. 
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This has not vet been reported in detail but was 
Case 35 quoted by Fraser | 2) 

The theoretical implications of this further 
study of hypophosphatasia are of some interest. 
Ever since the early work of Robison [/2), 
alkaline phosphatase has been implicated as a 
kev enzyme in bone formation. It is dithcult to 
reconcile this view with the existence of mild 
cases of hypophosphatasia and of the recovery of 
originally severe cases since this occurs in the 
presence of a continuing low plasma enzyme 
concentration. Moreover, postinortemn studies 
have also shown that only small quantuties of 
alkaline phosphatase are present in the bones of 
afflicted suljects 7/3. It is true that most 
children with hypophosphatasia suffer from 
bony abnormalities during the stage of rapid 
growth It is clear, however, that those who do 
not dic of some complication, such as high 
cerebrospinal Huid pressure irom premature 
fusion of cranial sutures, or of renal damage 
presumably from prolonged hypercalcaemia, do 
survive and would be expected to attain adult lite 
in reasonably good health. Indeed, one of the 
two sisters we have described here is clinically 
normal and has had one child. The reason for the 
development of spontancous fractures and tender 
bones in the other sister remains obscure. It was 
thought that a clinical as well as a biochemical 
comparison between them might provide an 
important clue as to the reason for the adult 
complications. As the latter had more marked 
signs of ectopic calcification and had chosen a 
diet which contained more vitamin D, and as 
she liked sunbathing (her healthy sister being 
quite different in all these respects), we thought 
that the precipitating cause of her recent bone 
troubles might have been an oversensitivity to 
the vitamin D in her environment. This seemed 
to be confirmed by the calcium and phosphorus 
balance data. (Fie. 10.) This was the reason she 
was treated with cortisone, which we believe 
in certain instances may have an antivitamin D 
action |/4,/5)|, and with a diet low in vitamin D. 
It was unfortunate for this theory that, although 
the metabolic studies showed a calcium metab- 
olism similar to that observed in a patient who 
had received a slight overdose of vitamin D, 
our attempts to improve our patient's condition 
failed dismally. As an admission of our thera- 
peutic despair we recently began to give her 
moderate doses of vitamin D. This treatment 
is being discontinued as it seems to have coin- 
cided with a worsening of her condition and an 
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increase in her ectopic calcification. We must 
recall that children with hypophosphatasia 
lrequently have hypercaleaemia; some of them 
have also been rather unexpectedly casily 
intoxicated with vitamin D, sueeesting that 
they were oversensitive to it. It is of interest 
that infants with the syndrome of “idiopathic 
hypercalcacmia™” may also have low plasma 
alkaline phosphatase levels, thus mimicking the 
plasma levels in hypophosphatasia | /6). How- 
ever, these infants neither excrete phospho- 
ethanolamine in the urine, nor (unless very 
severe) do they have bone disease. 

It is of some interest to consider the cause of 
the phosphocthanolaminuria. Its presence in 
our adult cases suggests strongly that this is a 
lifelong phenomenon in hy pophosphatasia, pro- 
vided of course that the kidnevs remain un- 
damaged. Phosphocthanolamine is readily hy- 
drolysed by alkaline phosphatase and it is 
possible that it is indeed one of the natural 
substrates for this enzyme in human tissues. If 
«o, a decrease of alkaline phosphatase would be 
expected to lead to an accumulation of phos- 
phoethanolamuine in the body, which would then 
overflow into the urine, as has actually been 
found in hypophosphatasia |/7|. Whatever the 
mmmediate explanation may be, the phospho- 
ethanolaminuria would seem to be of great 
diagnostic value. 

We have unfortunately no suegestions to 
make for the treatment of this disease. In the 
childhood cases no improvement has been 
reported following the administration of vitamin 
(*, thiamine, sodium citrate, growth hormone, 
thyroid extract, testosterone, oestrogens 
probenecid. The administration of vitamin D has 
given rather ambiquous results. Recently corti- 
sone therapy has been reported to have a 
salutary cflect on the radiological appearance 
of bone, the low serum alkaline phosphatase 
and the clevated serum calcium in a hypo- 
phosphatasic child on several occasions when 
it was administered | /4|. This favourable report 
has been confirmed |/9) and denied We 
also gave Cortisone to our patient independently 
and for a different reason, but there were no 
changes cither clinically or biochemically except 
for a rather interesting slight rise in plasma 
alkaline phosphatase. (Fig. 10.) It is difficult to 
interpret these findings, which seem contradic- 
tory to those of Fraser. It may be relevant that 
the degree of the bone changes in childhood 
appears to be dependent upon the rate of growth. 
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It is possible, therefore, for the cortisone to 
produce apparent healing radiologically because 
it has had the effect of reducing growth rate and 
not for any more specific reason. It is fortunate 
that the orthopaedic treatment of the adults 
described by Macey and by Henneman 
gave excellent results. This encouraged us to 
attempt to interfere with the fracture in the 
femur of our patient, with possibly some 
alleviation, 


SUMMARY 


‘Two sisters are presented, now aged forty-one 
and forty-two, whom we think represent adult 
survivors of hypophosphatasia, a disease hitherto 
only described in children. Both sisters had had 
“rickets” in childhood, from which they had 
made a spontaneous recovery. The elder is now 
crippled because of fractures and painful bones, 
the other remains symptom free. They both 
constantly manifest a low alkaline phosphatase 
level in the plasma and a large excretion of 
phosphoecthanolamine in the urine, as in the 
childhood disease. Studies of the relatives who 
all have normal bones, show that minor degrees 
of both these biochemical features frequently 
occur among them. Metabolic studies of the 
elder sib have shown results consistent with a 
mild degree of an overdose of vitamin D. How- 
ever, this condition was largely uninfluenced 
by the administration of small doses of vitamin 
D, cortisone, and a diet low in vitamin D. 
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Hepatolenticular Degeneration’ 


Clinical, Biochemical and Pathologic Study of a Patient with 
Fulminant Course Aggravated by Treatment with BAL and Versenate 


Leo E. Vircinta L. Vicror A. Gonna, 
and O. Kors, .p. 


Palo Alto, California 


URING the past decade, expanding knowl- 
D edge of the tnochemical abnormalities of 
hepatolenticular degeneration has provided 
some rationale for treatment. Increased deposi- 
tion of copper in the brain and liver |/,2), in- 
creased copper and amino acid excretion in the 
urine |3,4) and abnormal serum copper trans- 
port due to a deficiency of a metalloprotein, 
ceruloplasmin (3-7), have been repeatedly 
demonstrated in patients with the disease. As it is 
generally believed that the major clinical 
manifestations are due to the deposition ot Cop- 
per in the tissues, therapeutic approaches have 
been directed chiefly at cluminating the excess 
tissue Copper with chelating agents. Dimercaprol 
(BAL) has been most widely used with some 
favorable results 4) and some equivocal 
responses Calcium disodium ecthylene- 
diaminetetraacetic acid (versenate) and more 
recently, dimethyvleysteine (penicillamine) | 77) 
have also been used. 

The following case is of interest for several 
reasons. [The clinical course was marked initially 
by mental svmptoms, later by major convulsions 
with focal electroencephalographic abnormality 
and terminally by a fulminant febrile course 
apparently precipitated by treatment with BAL 
and versenate. The liver exhibited an acute and 
subacute toxic necrosis which followed therapy 
and probably was a complication of treatment. 


CASE REPORT 


A twenty-three year old Filipino man was admitted 
to the Veterans Administration Hospital, Palo Alto, 
on March 22, 1957, for treatment of a progressive 
neurological disorder. 


According to the patient, his first signs of illness be- 
gan in May 1954 while he was on active duty with 
the Marine Corps. He was admitted to the LU. S. 
Naval Hospital, Oakland, California, because of 
blurred vision, stiff legs and dizziness. In July 1954 
he was discharged from the Marine Corps with the 
diagnosis of schizophrenic reaction and multiple 
sclerosis. Twelve electroconvulsive treatments were 
used in treating his mental disorder. He next entered 
the Veterans Administration Hospital, Los Angeles, 
California, where he remained for fifteen months. 
Soon after leaving this hospital he was arrested for 
burglary and sent to prison. While in prison he had 
difficulty in walking, was tremulous and complained 
of double vision. He was transferred from prison to the 
Veterans Administration Hospital, Oakland, Cali- 
fornia, on February 11, 1957. During his stay there 
he was found to have a spastic gait, slurred and 
explosive speech, a positive Romberg sign, hyperactive 
but equal reflexes and impulsive behavior. His short 
stay at this hospital was marked by considerable 
deterioration. Drooling developed and he had difh- 
culty in swallowing which resulted in several episodes 
of severe choking. A characteristic Kavser-Fleischer 
corneal ring was discovered just prior to his being 
transferred. 

The patient was born in New York City but lived in 
many different places because of a disrupted family 
life. Although the mother was presumed to be living, 
the patient had had no contact with her since the age 
of twelve. His father died in 1950 from what appeared 
to have been cirrhosis of the liver associated with 
alcoholism. The father never suffered from any 
neurological disease akin to the patients. There 
were no other children of these parents. The patient 
had enjoyed excellent health until the onset of his 
present illness. 

Physical examination on admission to the Veterans 
Administration Hospital, Palo Alto, revealed the fol- 


* From the Veterans Administration Hospital, Palo Alto, California, and the Metabolic Unit, University of California, 
San Francisco, California. 
t Present address: Southern Pacific Hospital, San Francisco, California. 
Deceased. 
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lowing noteworthy findings. The patient was a young, 
muscular man who was immobilized in a wheel chair 
because of marked ataxia. His nutritional state was 
good. He drooled, grimaced and showed evidence of 
emotional lability with an occasional period of forced 
laughter. His trend of thought was coherent but his 
memory appeared to be defective. Except during 
episodes of forced laughter, he appeared apathetic 
with his head hanging down and his trunk wobbling 
as he sat in his chair. No definite delusions or hal- 
lucinations could be elicited. [he vital signs were 
normal. No skeletal abnormality of the head or neck 
was found. The pupils were equal and reacted 
promptly to light and accommodation. Extraoculas 
movements were normal and without nvstagmus: 
however, convergence was limited and double vision 
was produced by this maneuver. A_ characteristic 
yellow-green iridescent Kayser-F leischer ring was seen 
along the margin of each cornea. At some points the 
ring showed typical duplication. [he optic discs were 
normal. Marked dysarthria with slurred speech and 
some drooling was present. The facial muscles were 
rigid even in repose giving his face a taut and expres- 
sionless appearance. Sensory functions were well 
preserved. Marked muscle hypertonicity was present 
in all the skeletal muscles. The increased muscle tonus 
was slightly greater on the left side than on the right. 
The muscles of the trunk were so rigid that the trunk 
moved as a single unit without any evidence of flexion. 
There was marked truncal ataxia. Walking could be 
attempted only with support. The steps were broad- 
based and made with no sense of sureness. In the 
standing position he tended to fall backward. From a 
sitting position he tended to drift to the right side. 
The finger-nose test, using the left upper extremity, 
was marked by terminal tremor, but on the right 
side the test was performed rather well. The same 
was true of the heel-knee test, with evident dysmetria 
on the left side and better function on the right. 
A definite pronator sign could be observed on the left 
side. All deep tendon reflexes were considerably 
increased but bilaterally equal. Cremasteric reflexes 
were present, but abdominal reflexes were absent. 
The Hoffmann sign was negative. [The left great toe 
was constantly held in an extended position without 
any stimulus being applied. The right great toe 
showed a positive extensor response with the slightest 
stimulation to the sole. 

Extensive laboratory studies were performed on 
this patient. [he numerous blood counts were all nor- 
mal except for a slight leukocytosis terminally. 
Urinalyses revealed intermittent albuminuria of 1 to 
2 plus but no other abnormality. Determinations of 
blood creatinine, glucose, sodium, potassium, chloride, 
calcium and phosphorus were normal. Serum uric 
acid levels were low, values of 1.9, 2.6 and 1.9 mg. per 
100 ml. being reported. Several series of hepatic tests 
were performed. The serum bilirubin, alkaline phos- 
phatase and bromsulphalein retention were always 
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within normal limits. The serum proteins were also 
normal except for a steadily decreasing level of 
albumin (to 3 gm. per 100 ml. on June 11, 1957) 
associated with failing nutrition. The cephalin 
flocculation test was 4 plus at forty-cight-hours. The 
highest thyvmol turbidity level was 6.5 units. The 
prothrombin time varied between 56 and 84 per 
cent. Lhe serum cholesterol was slightly elevated rang- 
ing between 292 and 302 mg. per 100 mi.; the 
esterthed fraction ranged between 68 and 72 per cent 
Examination of the spinal thuid revealed only border- 
line total protein values of 45 and 46 me per 100 mi 
Ihe eclectrocardiogram was normal. An electro- 
encephalogram taken on May 1, 1957, showed a slow 
wave focus in the left frontal area as well as generalized 
slowing. (Fig. 1.) Roentgenograms of the chest, skull. 
thoracic and lumbar spine, hips, elbows, knees and 
abdomen revealed no abnormalhues 

Initially the mental state of the patient was char- 
acterized by emouonal lability with periods of 
depression He Linnean ed shehels on treatment with 
200 mg. of chlorpromazine daily. On April 24, 1957, 
he experienced a typical grand mal seizure followed 
within a few hours by a second seizure. On the follow- 
ing day he had a number of minor seizures which 
were manifested by twitching movements of the 
extremities and face. He was started on Dilantin," 0.4 
gm. given daily, which controlled the seizures well 

The course of his illness was rapidly progressive 
Treatment with dimercaprol was decided upon after 
attempts to obtain dimethyleysteine were unsuccessful 
This course of treatment was started with 200 mg. 
intramuscular doses given twice daily every other 
day from May 4 to May 16. (hig. 2.) By May 10 he 
was having a febrile response to cach administration 
of dimercaprol. With the injection on May 12 the 
temperature reached a peak of (40 c¢.) By May 
14 his temperature peaked at 105 F. and again on 
May 16. Following this latter dose, treatment was 
discontinued for the next several days and he became 
afebrile. On May 16, 195°, a generalized papulo- 
erythematous rash resembling a tvpical drug cruption 
developed; this cleared during the next several days 
while administration of the drug was discontinued. 
The injection of dimercaprol on May 21 was ac- 
companied by a rise in temperature to 104°. In 
addition to the fever, mental depression with stupor, 
increased difhculty in swallowing and increased 
generalized muscle tonus were also present. 

In view of this unfavorable response to the use of 
dimercaprol a course of intravenous calctum disodium 
ethylenediaminetetraacetic acid was planned. He 
received the first injection of 5 ml. (1 gm.) of versenate 
intravenously on May 28, 1957. At the time the 
injection was being made he had already begun to 
chill, so his subsequent febrile responses may not have 
been due to this drug. He received repeated injections 
on May 30 and 31, June 1, 4 through 7, 10 through 14 
and 17. This course of treatment did not appear to 
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Fic. 1. Eleetroencephalogram. Slow wave (2-3/s) focus in left frontal area. 
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Fic. 2. Apparent exacerbation of febrile course by therapy with dimercaprol. No 


abatement with versenate treatment. 


help him at all. Biochemical measurements made prior 
to and following each course of treatment are 
tabulated in Table 1. 

A constantly recurring fever was noted during 
this period and continued for the remainder of the 
patient's life. Because of the prolonged fever the 
possibility of a concurrent disease was considered. 
Repeated roentgenographic examinations of the chest 
failed to demonstrate lung disease, especially miliary 
tuberculosis. Numerous blood cultures and several 
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smears for malaria parasites were also negative. A 
downhill course of fever, increasing neurologic signs, 
progressive nutritional impairment and increasing 
stupor continued without remission until the patient's 
death on June 20, 1957. 

At autopsy the body weighed 140 pounds and 
measured 67 inches. Pigmented rings (Kayser- 
Fleischer) were visible in the limbus of each cornea. 
No icterus of sclerae or skin was detected. 

The liver weighed 1,200 gm. and felt moderately 
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TABLE 1 
BIOCHEMICAL FINDINGS BEFORE AND DURING TREATMENT WITH BAL AND VERSENATE 


Plasma 
Date 
a-amino N \ 
meg LiL 
Ty 
4 
4 
5/22 
5/273 
4 | 


firm. External and sectioned surfaces were diffusely 
nodular, the nodules varving from 2 to 10 mm. in 
diameter. Fine, retracted fibrous septums measuring 
no more than | mm. in thickness separated the 
nodules. 

The brain weighed 1,500 gm. Coronal sections 
revealed a discrete lesion in the subcortical white 
matter of the left frontal lobe parasagittally. This 
lesion extended 5 cm. anteroposteriorly from the level 
of the genu of the corpus callosum to the level of the 
mammillary bodies and measured 2 by 1.5 cm. It 
presented a characteristic spongy appearance and was 
retracted from the surface encroaching at times on the 
underlying deep layers of the cortex. The globus 
pallidus showed brown discoloration _ bilaterally. 
There was no gross atrophy of either globus pallidus 
or putamen. A few spongy foci were noted anterior to 
the splenium of the corpus callosum. The dentate 
nuclei were distinctly atrophic and brown. A small, 
vaguely outlined spongy lesion was noted in the white 
matter of the left cerebellar hemisphere near the 
cortex. [he upper third of the spinal cord showed no 
gross lesions. 

The lungs weighed 350 gm. each, the lower lobes 
being hyperemic. The spleen weighed 250 gm. The 
testes were small but otherwise normal. The adrenal 
glands were normal in size. Examination of the other 
organs, including the kidneys, revealed no significant 
changes. 

Spectrographic analysis of liver tissue revealed 
the copper content to be ten times that of normal 
liver [73]. A large amount of copper was also reported 
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in the brain. UL sine the reagent bisevclohexanone- 


oxalvidihvdrazone, colorimetric demonstration of 
large amounts of if « hopped liver tissuc and 
approximately one-tenth that amount in chopped 
brain tissue, putamen and dentate nuclei was possible 
Tissue specimens of the liver from several patients 
with portal cirrhosis of the Laennec type, examined 
with the same technic, gave a negative colorimetric 
reacuion for copper 

Sections of the liver exhibited widespread irregular 
lobular distortion and scarring of a multilobular 
variety. (1 iW Portal areas were olten connected 
and irregularly widened by fibrosis, proliferation of 
small bile ducts and cellular infiltration. Some of the 
central veins remained; a number were eccentric, The 
parenchyma was dotted with multiple zones of 
necrosis which were often extensive and tended to be 
situated centrolobularly. (Fig. 4.) In most of the 
necrotic zones the liver cells were intensely cosino- 
philic, anuclear and rounded. A dense infiltration of 
frequently smudged polymorphonuclear leukocytes 
was seen between the necrotic cells. In other focal 
areas of subacute necrosis the liver cells had disap- 
peared and the collapsed stroma was dotted with 
fairly numerous phagocytes containing golden iron 
negative pigment, presumably lipofuchsin, (Fig. 5.) 
The parenchyma also showed coarse to fine fatty 
vacuolization, regencrating hepatic cells and intense 
venous congestion. 

Sections of the kidneys revealed occasional fibrosed 
glomeruli scattered through the cortex, generally 
associated with a few atrophic tubules and an inter- 
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Fic. 3. Cirrhosis, liver, portal, multilobular. Hema- 
toxvlin-van Gieson 20 


Fic. 5. Necrosis, hepatic, subacute. Hematoxylin and 
conin X 120. 


stitial Iwmphoeytic infiltration. Protein debris was 
not infrequently present in the capsular spaces. 
Tubular changes were widespread and fairly severe 
The epithelium of the proximal convolution was 
often swollen and had an irregularly festooned luminal 
border; the lumens contained considerable pale 
granular protein debris. Similar changes were much 
more prominent and numerous in scattered segments 
of the distal nephron. 

Sections of the brain revealed disseminated lesions 
with a characteristic spongy appearance. These were 
predominantly in the following areas: (1) subcortical 
white matter tending to encroach on the cortex 
(Fig. 6); (2) putamen-pallidal (lenticular) region with 
more severe change in the former than in the latter; 
(3) substantia nigra: and (4) dentate nucleus. The 
most severe lesions showed gross vacuolization of the 
tissue with variable, scant to moderate glial reaction. 
The latter was in the form of gitter cells or astrocytes, 
many of which were atypical in form with little 


tendency to fiber production. In less vacuolated areas 
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Fic. 6. Cortex, left frontal lesion. Hematoxylin-van 
CGieson, X 6.5. 


(Fie. ~) diffuse microglial and/or connective tissue 
response was evident. Occasionally cells containing 
phagocytized particles were noted within the lesions, 
usually im the perivascular spaces. Their granular 
deposits stained blue-black with cresyl violet, sug- 
gesting copper, but failed to stain in rubeanic acid 
preparations, possibly because the fixed tissue was 
unsuitable. Within the lesions and more diffusely 
scattered were occasional atypical glial forms with 
either enlarged nuclei or homogeneous oval bodies 
suggesting a degenerative form of Alzheimer glia. 
(Fig. 8.) Im the substantia nigra, melanin pigment 
was being phagocytized by cells. In and about the 
dentate nucleus unusually extensive gliosis had 
occurred. There were no changes in the brain stem, 
upper third of the spinal cord or optic pathways. 

The sections of lung exhibited acute and chronic 
hyperemia, focal edema and bronchopneumonia of 
the aspiration type. Mild fibrocongestive alterations 
and scattered lipid granulomas were noted in the 
spleen. The adrenal cortex had undergone moderate 
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Fic. 7. Putamen. Status spongiosus with glial reaction. 
Hematoxylin-van Gieson X 315. 
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Fic. 9. Principal metabolic defects in Wilson's disease. 


degenerative changes. In the testes seminiferous 
tubules showed almost no spermatogenic activity. No 
significant alterations were noted in any of the other 
tissues. 

The principal pathologic diagnoses were: (1) Hep- 
atolenticular degeneration (Wilson's disease) with 
(a) portal cirrhosis, (4) brain lesions characterized 
by status spongiosus and Alzheimer glia affecting 
predominantly the left frontal subcortex, lenticular 
nuclei, substantia nigra and dentate nuclei, (c) pig- 
mentation of the corneal limbus (Kavser-Fleischer 
ring), bilateral; (2) necrosis of the liver, centrolobular, 
acute and subacute, toxic; (3) glomerulonephritis, late 
acute diffuse proliferative and latent chronic: 
(4) bronchopneumonia, aspiration type. 


COMMENTS 


Many of the characteristic clinical features of 
hepatolenticular degeneration were present in 
this case. The association of a disorder of motor 
coordination with the pathognomonic corneal 
ring adequately established the diagnosis. How- 
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Fic. 8. Cortex. Alzheimer glia. 700. 


ever, certain features were distinctive. Mental 
signs preceded the neurologic signs carly in the 
disease. Although a concurrent functional 
psychiatric disorder could not be ruled out, 
variable behavioral changes have been fre- 
quently described in this disease |/7).° The oc- 
currence of major seizures is also known, but 
rarely has it been possible to correlate the focal 
electroencephalographic abnormality well 
with the local brain lesion. The prominent 
cerebellar signs in this patient could have led to 
diagnostic confusion had other clinical features 
not been present. The clinical and laboratory 
signs of liver disease were slight. Extensive liver 
disease is known to occur with only minor devia- 
tions of hepatic tests from normal, suggesting 
the need for liver biopsy in doubtful cases. 
Although hepatolenticular degencration may 
run a febrile course in juvenile cases, in the 
present case the close association of fever with 
the use of dimercaprol (as well as the concomi- 
tant allergic skin rash) and later with verse- 
nate suggests that these drugs were responsi- 
ble, at least in part, for the fulminant termination. 

The gross and histopathologic lesions in the 
liver and brain were characteristic of hepato- 
lenticular degeneration. The multinodular cir- 
rhosis was consistent with the classic descriptions. 
However, the acute and subacute necrotic lesions 
in the liver suggested a toxic etiology. Although 
they might possibly be attributed to severe 
nutritional deprivation imposed on a previously 
damaged liver, the adverse clinical reaction to 
dimercaprol closely coincided with the apparent 
chronologic onset of these lesions. Early toxico- 

* We have since observed another case presenting as a 
schizophrenic reaction. Treatment with penicillamine 
effected a complete psychiatric remission. 
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logic studies of the effects of dimercaprol in rats 
and rabbits with liver injury due to carbon 
tetrachloride suggested increased toxicity to 
dimercaprol in the presence of liver damage | /5). 
While many clinical reports have mentioned a 
varicty of reactions to the administration of 
dimercaprol, including drug cruptions and fever, 
no mention of liver necrosis has been made [ 76). 
No record of toxic reactions to versenate 
has been found in the literature. Nevertheless, 
the acute centrolobular hepatic lesions in this 
case probably developed while versenate was 
beme administered 
chronologically compatible with treatment with 
dimercaprol. Thus we believe that the hepatic 
necrotic lesions were initiated in a previously 
damaged liver by the injections of dimercaprol 
and were further ageravated by the ensuing 
treatment with versenate. 

Although the brain lesions in hepatolenticular 
degeneration are commonly believed to be 
localized, in part due to the emphasis by Wilson 
of this point, they are frequently disseminated. 
In this case the subcortical white matter, 
dentate nuclei and substantia nigra 
affected in addition to the lenticular nuclei. The 
lesions were characteristic histologically, exhibit- 
ing status and Alzheimer elia. 
Anatomic localization of these lesions correlated 
unusually well with the clinical manifestations, 
including seizures and cerebellar sens. 

Current concepts of the biochemical lesions of 
hepatolenticular degeneration are summarized 
in Figure 9% Our patient showed decreased 
levels of ceruloplasmin (copper oxidase), in- 
creased urinary excretion of copper, increased 
copper in the tissue of the liver and brain, amino- 
aciduria with normal plasma amino acids and 
decreased levels of serum uric acid. Although the 
urinary excretion of copper was increased fol- 
lowing treatment with dimercaprol and sodium 
versenate, any possible beneficial effects were 
masked by the adverse reaction to the treatment. 
Concomitant with the increased excretion of 
copper, the aminoaciduria decreased. Th’s de- 
crease occurred despite a normal and stable level 
of plasma amino acids and an increased total 
urinary nitrogen excretion, suggesting that 
aminoaciduria is a reversible phenomenon. The 
ceruloplasmin deficiency appears to be fixed, 
showing no change from this treatment. Defi- 
cient synthesis of ceruloplasmin is probably the 
basic metabolic derangement in hepatoienticular 
degeneration. 
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SUMMARY 


A case of hepatolenticular degeneration with 
several unusual features is reported. Clinically, 
the course was marked by insidious onset with 
mental symptoms, later by major seizures with 
focal electroencephalographic abnormality, and 
terminally by fever and an allergic ‘skin rash. 
Biochemical studies revealed the usual abnor- 
malities found in this disorder with a marked 
diminution of ceruloplasmin, hypercupriuria, 
increased copper in tissue and aminoaciduria. 
Pathologic study revealed disseminated brain 
lesions which correlated well with the clinical 
picture of multiple system involvement. 

Of special interest was the finding of acute 
and subacute hepatic necrotic lesions. These 
lesions were chronologically related to the period 
of treatment with dimercaprol (BAL) and 
disodium ethvlenediaminetetraacetic 
acid (versenate). The use of these drugs also 
coincided with the acute febrile terminal 
course. Both the adverse clinical response and 
the toxic hepatic lesions appeared to have been 
aggravated or precipitated by the drug therapy. 
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Pulmonary Thromboarteritis Associated with 
Interatrial Defect and Rheumatic Carditis 


Sigmenp L. and Ernest S. REDFIELD. ™.D. 
New York. New York 


chekests and dilatation of the pulmonary 
S arteries are regularly found in association 
with functionally patent interatrial defects. 
Generally these dilated arteries remain patent 
until death but in fifteen of the reported cases 
massive thrombosis of the extrapulmonary 
portions of the main pulmonary arteries was 
found. In 1953 Canada, Goodale and Currens 
/ first recoe@nized this comlanation of lesions as 
a fairly distinctive clinical and pathological 
entity. 

The initial symptom of severe and progres- 
sive respiratory distress usually begins late in 
life and often in persons who have never had 
cardiac symptoms previously. X-ray films dis- 
Close enlarged pulmonary arteries associated with 
hypertrophy of the heart. At necropsy, the main 
common pulmonary artery to the bifurcation 
and the intrapulmonary branches are patent. 
The main right and left trunks from the bi- 
lurcation to the hila ot the lungs are dilated and 
filled with vellowish grey, slightly translucent, 
friable and sometimes laminated throm similar 
to those found in old aortic aneurvsmal sacs. 
The lumen of the vessels is greatly narrowed but 
not completely occluded. The lungs, although 
markedly engorged with blood, seldom contain 
discrete intarctions. 

Canada, Goodale and Currens |/) reported 
three such cases and cited four others [2-5). 
Four of the sixty-two cases of interatrial cardiac 
defect collected by Roesler |6) in 1934 appear 
to have had similar thrombotic occlusion of the 
pulmonary arteries. Additional cases that fall 
into the same category are those of Wahl and 
Gard |7), Trounce Rosenthal and one of 
the ten cases described by Bedford, Papp and 
Parkinson | /0). 

Intimal plaque formation, dilatation and 
alterations in blood flow probably favor the 


formation of thromln in the pulmonary arteries, 
but since the latter do not develop in the great 
majority of cases of interatrial cardiac defects or 
of pulmonary hypertension due to other causes, 
it seems likely that other factors may play a role. 
[he purpose of the present report is to describe 
another case, the sixteenth, of thrombosis of the 
pulmonary arteries associated with patent inter- 
auricular septum that corresponds in almost all 
respects to those previously reported. In the 
present case, however, the wall of the pulmonary 
arteries in the areas of thrombosis was the seat 
of a diffuse inflammatory reaction which was 
indistinguishable histologically from the rheu- 
matic lesions of the left auricle described by 
Mac Callum |//) and of the ascending portion 
of the aorta as described by Pappenheimer and 
Von Glahn | /2.. That this inflammatory process 
mav, in fact, be rheumatic ts supported by the 
finding of definite rheumatic lesions in the mvo- 
cardium and mitral and tricuspid valves. It is 
suggested that the inflammation of the vessel 
walls may have incited the formation of thrombi. 

It is well known that valvular lesions are fre- 
quently found in association with interatrial 
septal detects. When frank mitral stenosis is 
present the case is Classified as Lutembacher’s 
svndrome. In Roesler’s sixty-two collected cases 
there were valvular deformities in fortv-one and 
in thirty the mitral valve was involved. It is 
generally conceded that the gross appearance of 
the damaged valves ts indistinguishable from 
that of healed rheumatic valvulitis | 73). In some 
instances, as in the reports of Bedford et al. | 70). 
and Espino-Vela | //), these valvular lesions have 
been classified as rheumatic. Other authors 
have considered the possibility that these lesions 
are associated congenital malformations or that 
they are secondary to the mechanical effects of 
altered blood flow within the heart caused by the 
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Fic. 1. Left auricle with large interauricular detect 


interatrial septal patency. In almost none of the 
reported cases is the distinctive lesions of 
rheumatic disease, such as myocardial Aschoff 
bodies and valvular verrucae described. It is 
obvious that even if the valvular lesions are 
rheumatic in nature, inflammatory activity ts 
absent or meager at the time of necropsy in 
these Cases. 

If the valvular alterations associated with 
interatrial septal defects are, in fact, the results 
of rheumatic endocarditis, this would strongly 
suggest that the mixing of the left and right 
auricular blood through such an opening renders 
the heart extraordinarily vulnerable to the 
rheumatic process. 


CASE REPORT 


The patient was a sixty-eight year old man who was 
admitted to the New York Veterans Administration 
Hospital because of progressive dyspnea and cough 
for three years’ duration. Initial x-ray films of the 
chest disclosed a right hilar mass that was thought to 
be a neoplasm. Subsequent x-ray films showed a 
gradual enlargement of this mass. At the age of six- 
teen he was said to have had an attack of rheumatic 
fever, and a cardiac murmur was detected at the 


Fic. 2. Thrombus in dilated right main pulmonary artery. 


time of induction into the Army in 1918. He had 
arrhythmic palpitations for the past five years and 
had been digitalized continuously during this time 
Thirty-eight vears ago he was treated with Salvarsan* 
for svphilis 

On examination he was hoarse, coughing, and in 
respiratory distress. There was some midscapular 
pain on breathing and loud respiratory wheezes were 
heard in this area. A prominent precordial heave and 
a thrill was felt in the apical region. The point of 
maximal cardiac impulse was in the sixth intercostal 
space in the left posterior axillary line. The ventricular 
rate was more rapid than the pulse rate and the 
rhythm was irregular. A loud systole and a ques- 
tionable presystolic murmur were heard at the apex 
The second aortic and pulmonic sounds were equal 
and were not split. On palpation the liver was en- 
larged. The left pupil was pinpoint and did not react 
to light and accommodation. An iridectomy for 
cataract had been performed on the right eye two 
years previously. The blood pressure was 120 86 mm. 
Hg, pulse 100 beats per minute, temperature 99.6°r. 

The erythrocyte count was 6,780,000 per cu. mm. 
and the hemoglobin 20.9 gm. per 100 ml. The 
erythrocyte sedimentation rate (Wintrobe) was 4 mm. 
per hour. The hematocrit was 61 per cent. A 2 plus 
reaction and an anticomplementary Kolmer reaction 
were revealed by serological tests for syphilis. The 
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Fic. 3. Aschotf body in interventricular septum. 


scrum CO, was 24 mbkq. L. The other laboratory 
data on admission were not significant. 

X-ray film of the chest on admission revealed an 
enlarged heart and markedly dilated pulmonary 
arteries. The findings were interpreted by Drs. 
G;. Kaplan and L. R. Lawre:ce of the Radiology 
Service as indicative of congenital heart disease, 
probably an interauricular septal defect. Electro- 
cardiographs two days later showed atrial tachycardia, 
incomplete AN block with multiple dropped beats, 
right bundle branch block and probable digitalis 

The patient's condition remained unchanged until 
the sixth day when he coughed up bright red blood 
and became progressively cyanotic and anoxic. He was 
viven oxveen and anticoagulants were administered. 
On the eighth day the venous pressure was 80 mim. 
H.O and the Decholin” circulation time was thirty- 
two seconds. He became febrile. The antistreptolysin 
titer on the ninth day was less than 100 units. Addi- 
tional hemoptysis and a tall of blood pressure to 90,54 
mm. Hg occurred on the thirteenth day. The pro- 
thrombin time was thirty-one seconds (control thir- 
teen seconds). Later that day the blood pressure fell 
to shock levels and he died. The clinical diagnoses 
were pulmonary embolism and congenital heart 
disease (Lutembacher’s syndrome). 

At necropsy, examination was restricted to the 
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Fic. 4. Verrucous endocarditis of the tricuspid valve. 


thoracic organs. The heart weighed 625 gm. Its 
enlargement was due chiefly to dilatation and hyper- 
trophy of the right auricle and ventricle. The mem- 
branous septum (septum secundum) of the fossa 
ovalis was lacking and a large circular opening, 
about 3 cm. in diameter, joined the two auricles. 
(Fig. The large right auricle had a thickened 
endocardium. The leaflets of the tricuspid and mitral 
valves were thickened and slightly rounded at their 
free margins. This change was more pronounced in 
the tricuspid than in the mitral valve. Neither valve 
was grossly deformed, asymmetrical or calcified. The 
dilated tricuspid valve ring measured 14.5 cm. No 
other significant changes were noted in the heart. 

The thoracic aorta was small in size and freely 
elastic. It contained a few small intimal plaques but 
there was no evidence of syphilis. 

The main pulmonary artery was dilated but its 
intimal surface was smooth. Beginning at the bi- 
furcation, the extrapulmonary portions of both major 
pulmonary arteries were filled with hard, dense, 
firmly adherent yellowish grey or red thrombotic 
masses that almost completely occluded the lumens. 
(Fig. 2.) These extended for some 12 to 15 cm. in 
length and were 2 to 4 cm. in thickness. Portions of the 
thrombi could be scraped away as irregular crumbly 
granules. The thrombi resembled those frequently seen 
in aneurysmal sacs but were not distinctly laminated. 
Beyond the thrombi the pulmonary arteries were 
very sclerotic and contained innumerable intimal 
plaques most of which were hyalinized. Linear intimal 
grooving was not noted. 

The main bronchial arteries were not conspicuously 
dilated. The ductus arteriosus was obliterated. The 
lungs were engorged with blood throughout and 
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Fic. 5. Tricuspid endocarditis showing cellular infiltra- 
tion and necrosis of collagen. 


had a hemorrhagic appearance. Ihe lower lobes were 
poorly aerated, but there were no well defined infarcts. 
The bronchi were filled with bloody mucus and were 
lined by hemorrhagic mucosa. 

Microscopic examination revealed a diffuse in- 
crease of interstitial connective tissue throughout the 
myocardium, but there were no large scars. In addi- 
tion. small numbers of characteristic Aschotl nodules 
were found in several sections. (Fig. 3.) Thev were 
most numerous in the apical region of the inter- 
ventricular septum. The mitral valve leaflet was 
thickened and hvyalinized. At the bulbous distal 
extremity was a large plaque of calcium. Adjacent 
to this the connective tissue contained manv small 
capillaries, but there was no cellular infiltration and 
no verrucae. An area of erosion and hemorrhage was 
found on the auricular aspect of the tricuspid valve 
at the line of closure. (Figs. 4 and 5.) The collagen at 
the edges of this gap was swollen and deeply cosino- 
philic. Large mononuclear cells were found here and 
at many other points within the substance of the 
valve. The foci of cellular infiltration were most 
pronounced just beneath the surface endothelium. 
Although no protruding verrucae were found, the 
collagen in the areas of cellular infiltration was 
homogenous, afibrillar and deeply eosinophilic. 

The medial coat of the major pulmonary arteries 
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Fic. 6. Diffuse cellular infiltration un media of thrombosed 
pulmonary artery. 


beneath the thrombi was greatly disorganized in 
numerous sections. [he smooth muscle cells were 
disrupted and obliterated by a dense infiltration of 
leuko vies with clongated., nucle Ww. & 
Dhese nuclei resembled those of polymorphonucteas 
leukocytes but were very irregular in shape bres 
resembled very closely the bizarre cells desertbed im 
rheumatic auriculitis. (hie. lhevy were most 
numerous in the middle third of the media. In places 
they formed palisades against swollen, pink-staming 
collagen bands. (Fie. 8.) This feature also resembled 
very closely the endocardial lessons seen in rheumate 
auriculitis (77). In elastic tissue stains there was 
extensive disruption of the clastic lamellae many of 
which were reduced to small torn tragments of 
granules. The adventitia of the arteries was thickened 
by dense masses of collagen in which many pert 
vascular accumulations of lwmphocyvies were found 
The thrombi consisted of compact masses of hyalinized 
acellular fibrin. They were united to the intima by 
narrow zones of proliferating connective Ussuc 

The intrapulmonary branches of the pulmonary 
artery and the arterioles showed severe sclerotx 
changes but no evidence of inflammation. The intuma 
of these smaller arteries was irregularly thickened and 
hvalinized. The intimal plaques contained very litte 
lipid and no calcium. The media of these vessels was 
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Pia. 7. Infiltration of leukocytes with distorted hwper- 
chromatic nucie: in media of pulmonary artery. 


thin but for the most part intact. The pulmonary 
alveoli were hlled with extravasated ervthrocvtes 
and in a few pd ne es the alveolar septa showed sens of 
early necrosis, The alveolar capillaries were not 
engorged and there were few prement-laden heart 
failure cells in the alveolar sacs. The submucosal 
vessels of the bronchi were extensively engoreed. 

No evidence of syphilitic change was noted in sec- 
tions of the thoracic aorta. The media was delicate, 
almost hypoplastic, but the continuity of the smooth 
muscle and elastic lamellae was not impaired. No 
evidence of inflammatory change was noted cither in 
the delicate adventitia or in the media. 


COMMENTS 


Arteritis of small pulmonary vessels is some- 
times seen in association with rheumatic heart 
disease | /5). It is seldom found in the absence of 
mitral stenosis and marked passive venous en- 
gorgement of the lungs. Braunstein |/6) and 
Johnstone and Smith |/7 believe that these 
lesions are related to increased intrapulmonary, 
arterial pressure and are analogous to the lesions 
of periarteritis nodosa. Acutely inflamed arteries 
are found in the lunes in cases of severe mitral 
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Fra. 8. Palisade arrangement of nuclei against swollen 
collagen band in media of pulmonary artery. 


stenosis even when no active rheumatic lesions 
are found in the heart. Old and Russell | 78) 
found necrotizing pulmonary arteritis in a case 
of congenital heart disease with patent inter- 
ventricular septum and pulmonary hyperten- 
sion. There is some evidence that hypertension 
may play a role in the localization of the lesions 
of systemic periarteritis nodosa |/9]. However, 
inflammatory reactions of large elastic arteries, 
such as were present in our case, have not been 
described in periarteritis nodosa. 

Brenner | in a comprehensive survey of all 
lesions involving large pulmonary arteries, 
describes briefly two cases of rheumatic pul- 
monary arteritis. The changes he observed do 
not resemble those found by us very closely. We 
have found no other reports of rheumatic lesions 
of the large pulmonary arteries. 

In one of the three cases reported by Canada, 
Goodale and Currens |/| a diffuse, moderately 
severe, acute and chronic inflammatory reaction 
was found within the media and adventitia of 
the pulmonary artery in the region of the 
thrombi. The nature of this change was not 
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considered to be 
rheumatic 


discussed and it was not 
rheumatic, possibly 
lesions were identified in the heart. 

There was no evidence of syphilis in this Case. 


because no 


This is of interest because some of the features of 


the process suggest a luetic etiology and in our 
case there was serological evidence of syphilis. 
The adventitial fibrosis and lymphocytuc in- 
filtration and the rupture of medial elastic fibers 
are very similar to changes found in syphilitic 
aortitis. In our case there was no inflammatory 
lesion in the aorta. Furthermore, there were no 
gummatous foci and the intense infiltration of 
cells resembling distorted polymorphonuclear 
leukocytes and palisading of nuclei against 
swollen collagen bands is more indicative olf 
rheumatic than of luetic inflammation. 

In the case reported by Wahl and Gard (7. 
an inflammatory lesion was found in the wall ol 
the thrombosed arteries which was considered 
to be analogous to that of syphilitic arterits. 
This patient was a nineteen year old girl, the 
youngest in the series of sixteen cases, and had a 
negative Wassermann reaction. In two of the 
four cases reported by Roesler (6) inflammatory 
reactions were noted in the walls of the throm- 
bosed arteries. It is possible that the inflam- 
matory lesions found in five of the sixteen re- 
ported cases have the same etiology. 

It should be noted that many ol the lesions of 
rheumatic fever occur at sites that are subjected 
to unusual mechanical trauma, as in joint Ussues 
and at the line of closure of valve leaflets. 
Rheumatic left auricular lesions seldom develop 
in the absence of severe mitral stenosis. There is 
some evidence that subcutaneous nodules can be 
made to form artificially at areas that have been 
mechanically injured |27). The rare examples 
of rheumatic aortitis have been associated with 
marked deformity of the aortic valve and occur 
in areas where “impingement” plaques are 
found later in life in cases of calcareous aortic 
stenosis. These areas are believed to represent 
points against which are directed narrow streams 
of blood discharged through the orifice of the 
stenotic valve. 

The severe degree of mechanical strain im- 
posed on the pulmonary arteries in cases ol 
interatrial septal defect as evidenced by the 
marked dilatation and sclerosis, when associated 
with the rheumatic state, may favor the local- 
ization of the rheumatic process at this atypical 
site. 

It should also be noted that small numbers of 
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Aschoff bodies may be found in the hearts of 
adults many decades after the last attack of 
rheumatic fever. This was stressed by VonGlahn 
and Pappenheimer | 22) in 1935 and has received 
renewed attention recently by the finding of 
Aschotf nodules in surgically amputated auric- 
ular appendages obtained at mitral commis- 
surotomy from persons in whom no clinical sign 
of rheumatic activity can be elicited |23). If 
active rheumatic inflammatory reactions can 
occur in the hearts of such persons there ts no 
reason why they should not occur elsewhere and 
especially in relation to interatrial septal detects, 
if the presence of this malformation increases 
suscepubility to rheumatic lesions, 

A mild infiltration of polyvmorphonuclear 
leucocytes is sometimes found in the stretched 
but otherwise normal pulmonar 
arteries the lumens of which have been ob- 


media ol 


structed by impacted emboli a few hours before 
death. If pulmonary embolism does not cause 
death until several davs have clapsed, this 
acute inflammatory reaction ts no longer found. 
Nevertheless, assuming that this reaction is a 
result of embolic impaction, its intensity would 
depend upon the force with which the embolus 
is lodged in the lumen of the vessel. This would 
probably be relatively intense in cases of pul- 
monary The possibility must 
therefore be considered that the thrombotic 
masses found in with interatrial 
defects are embolic in ori@in, and that the 
from direct mechanical 
injury to the vessel wall. 

The vast majority of thrombi found within 
pulmonary arteries are embolic rather than ol 


hypertension. 
association 


mesarteritis results 


local formation. However, none of the authors 
who have described pulmonary thrombi in cases 
of interatrial septal defect considered them to be 
of embolic origin. We also believe that the 
thrombi found in our own case formed localls 
within the pulmonary arteries. The reasons for 
this are the following: (1) the thrombi them- 
selves are very different in appearance and 
structure from the usual embolus and have 
obviously been present in the vessels for a 
considerable period; (2) they often show distinct 
lamination suggesting that they form as parictal 
thrombi in a succession of layers; (3) the lumen 
of the vessel although greatly reduced in size is 
usually not completely obstructed; (4) massive 
sudden embolization of this extent would under 
most circumstances cause immediate death; 
(5) limitation of the area of thrombosis to the 
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segment extending from the bifurcation to the 
hilum of the lung suggests the presence of some 
local intramural factor in the formation of the 
thrombi. 


SUMMARY 


A case of large interatrial defect, asympto- 
matic until late in life, is reported. The terminal 
illness was characterized by respiratory diffi- 
culties and was due to massive thrombosis of the 
main pulmonary arteries from the point of 
bifurcation to their entrance into the lunes. The 
clinical diagnosis was established by roentgeno- 
graphic examination of the chest. A small group 
of cases with similar clinical and pathological 
findings have been described previously by 
others. In the present case an inflammatory 
process was found in the wall of the thrombosed 
arteries. The histological features of this reac- 
tion were very similar to those sometimes found 
in the endocardium of the left auricle in associa- 
tion with severe mitral stenosis and less often 
in the proximal portion of the aorta. It is sug- 
gested that the lesion in the pulmonary artery 
is rheumatic in nature and this is further sup- 
ported by the finding of characteristic Aschoff 
nodules in the myocardium and active rheumatic 
valvulitis of the tricuspid leaflets. It is also sug- 
gested that the altered pathway of blood flow 
through the interatrial defect, changes in 
pulmonary blood volume and tension as well as 
rate of flow render the pulmonary artery vulner- 
able to this unusually located rheumatic reac- 
tion and that the inflamed vessels are secondarily 
occluded by thrombi. 
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Primary Hyperaldosteronism without 


Adrenal Tumor 
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Minneapolis, Minnesota 


ORE than twenty well described cases of 
VI primary hvyperaldosteronism have been 
reported | 7—/7|. Most of these, including Conn’s 
original case, have been with a 
neoplasm of the adrenal cortex, usually a benign 
adenoma. This report concerns a young patient 
with the clinical syndrome of hyperaldo- 
steronism who was found at surgery to have 
adrenal glands of normal appearance. Studies of 
aldosterone excretion showed an initially high 
value with a further apparent increase during 
adrenocorucotropic hormone administration. 
Balance studies demonstrated a large storage ol! 
potassium during a preoperative phase of mas- 
sive potassium therapy, correcting the hypo- 
kalemic alkalosis. The importance of this as part 
of the preparation for surgery will be discussed 
It appears that this patient may represent a 
distinctive tvpe of hyperadrenalism occurring 
early in life. 


associated 


CASE REPORT 


A. P., an eighteen year old girl, was admitted to the 
University Hospitals on September 25, 1957, because 
of hypertension noted during a routine college en- 
trance physical examination. Since the age of ten 
occasional episodes of muscle spasm and ughtness o1 
weakness of the arms and legs had occurred. [These 
episodes recurred three or four times a year and lasted 
for one or two days. During one episode the patient 
was unable to attend school because of inability to 
walk. 

The patient first learned of an elevated blood pres- 
sure at fourteen years of age. [This was noted several 
times subsequently, but the condition was not treated. 
At the time of admission to the University Hospitals 
the patient admitted that she had had occasional 
frontal headaches associated with nervous tension, 
stiffness in the calf muscles after walking a long 
distance, polyuria, polydypsia and nocturia. The 


menses had been regular since thirteen vears of age 
Both the mother and maternal grandmother had a 
history ol hypertension 

Physical examination revealed a robust, healthy 
appearing girl who weighed 146 pounds and was 65 
inches tall. The blood pressure was 240. 160 mm. He, 
but following a period of bedrest was 210/140 mm 
He. During measurement of the blood pressure, 
carpal ad 1 hye ( hvostek Was 


present. Dhere was mild. eeneralized narrowing and 


sclerosis of the retinal vessels. The remainder of the 

ph sal \amnation was within normal 
Initial laboratory data revealed the hemoglobin to 

be 14 em. per cent, the leukoevte and diflerental 


were normal hee ir wer cosinophils pet 


cu. mm. The urinalvsis revealed l-plus albuminuria, 
pH occassonal white cells. and 1 pits 
speciti d An Addis count showed 655.100) costs. 


lhe urine sper 


2.170.000 white blood cells. and 
cells in a twelve-hour period 
gravity reached 1.016 on a concentration test. The 
blood urea nitrogen was 16 me. per cent 

(Chemical examination of the blood revealed a 
scrum carbon dioxide combining power of 42 mEq 
per L... serum chloride 95 mq. per L., serum sodium 
151 mbkq. per L. serum potassium 2.0 per 
scrum calcyum 10.2 mg. per 100 mil... serum phos- 
phorus 3.5 mg. per 100 ml., serum total protein 7.0) 
gm. per 100 ml. and normal albumin and globulin 
concentrations, An oral lin ose tolerance test revealed 
a fasting blood sugar of “0 meg. per 100 mil. with a rise 
10 98 me. per 100 mil. in a half hour and 73 me. pet 
100 mil. in owo and a half hours. There was no fall in 
blood pressure after the administration of Regitine.* 

[he urinary aldosterone bw the method to be 
described was 22 we. per twenty-four hours (upper 
normal, 10 we. per twenty-four hours). The urinary 


17-ketosteroids were 10 me. per twenty-four hours 


t Dr. V. KR. Mattox of the Mayo Clinic kindly carried 
out a determination of urinary aldosterone by his method 
at this time and found a value of 25 ge. per twenty-four 
hours. 


- * From the Departments of Medicine and Surgery, University of Minnesota Medical School, University Hospitals, 
Minneapolis, Minnesota. This investigation was supported by a research grant (CY3145) from the National Cancer 
Institute of the National Institutes of Health and by the Office of Naval Research, Project NK 101-441, 
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Fie. 1. Initial V, electrocardiograph lead illustrating U wave and inverted T 


and the urinary 17-hydroxveorticoids were 5 mg. per 
An clectrocardiogram showed a 
sinus rhythm with a rate of 63, a P-R interval of 0.15 
cond, a OORS duration of second and a OT 
lhe I waves were uniformly 


twenty-four hours 


mterval of 0.44 second 


dere irae shighitls ted and prominent 
waves were present in all leads. The tracing was 
consistent with left ventricular hypertrophy and 


hypokalemia. (Fig. 1.) 
Roenteenograms of the chest 
Intravenous pvelograms 


abdomen and bones 
revealed no abnormalities 
and perirenal carbon dioxide insufflation showed no 
evidence of an adrenal turner 

\n clectroencephalogram demonstrated a par- 
oxveral slow wave activity in the frontal and both 
central areas, appearing svnechronotust [he record 
was consistent with a deep-seated diencephalic focus 

\ diagnosis of primary hyperaldosteronism was 
made 

Viter an intensive investigation (to be described) 
and suttable preparation. an exploratory laparotomy 
was performed on Nowember 4, 1957. Pentothal and 
were emploved as anesthetics. No 


The entire rieht 


adrenal tumor could be palpated 
adrenal gland and approximately two-thirds of the 
left adrenal eland were remowved. The remnant was the 
inferior pole of the left land and the left adrenal vein 
leading to the renal vein was left intact. 

right adrenal gland weighed 5 @m., the portion 
of the lett eland “ erehed vin he structure appeared 
normal the 
shahtly thickened in a few places, measuring up to 
2 mm. in width. On microscopic examination the two 
outer zones of the cortex scemed to be thickened in 
areas but not clearly bevond normal limits. (Pie. 2.) 
were consistent with 


on examination: cortex seemed 


[he sections (Pouceau stain) 
that of a normal adrenal cland 

In general the patient made an uneventful climeal 
recovery. By the end of the second week after opera- 
ton the blood pressure, taken in the morning before 
arising. had fallen to 130 70 mm. He. However, 
anorexia and a moderate orthostatic hy potemsieon 
developed at this time and the blood urea nitrogen 
rose to 42 me. per 100 mil. With additional salt im the 
diet and the passage of time the symptoms of hypo- 
tension disappeared and the concentration of blood 


Arrit., 1960 


wave of hypopotassemia. 


2. Microscopic appearance of adrenal cortex. 


Fie. 


urea nitrogen decreased to normal. The patient was 
discharged from the hospital twenty-eight davs after 
the operation, taking no medicine and following a 
regular diet. 

Phe patient has resumed college work and feels well. 
Phe blood pressure, when taken after fifteen minutes 
of rest. averages 125 85 mm. He. During the ten 
months after operation the patient tolerated an 
infection of the upper respiratory tract and one 
episode of acute gastroenteritis without clinical or 
laboratory evidence of adrenal insufficiency. The 
blood urea nitrogen, serum sodium. potassium and 
carbon dioxide concentrations have remained normal. 


METHOD OF STUDY 


A comprehensive metabolic investigation was per- 
formed with dietary control and collection of all 
urine and stool specimens in the manner described 
bw Reifenstein, Albright and Wells | The investi- 
cation was divided into three parts: (1) a control 
period of twelve days with a dietary potassium of 66 
mEq. per day, and sodium of 64 mEq. per day; 
(2) a twenty-one-day period during which the potas- 
sium intake was increased to 300 mEq. per day, the 
sodium intake remaining unchanged: and (35) a 
period of twenty-nine days after subtotal adrenal- 
ectomy with a dietary potassium of 66 mEq. per day. 

The serum sodium and potassium concentrations 
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Fic. 3. Alterations in urinary excretion of adrenal steroids during a control period, during mcreased 


potassium intake and after subtotal adrenalectomy. 


were measured by conventional flame photometry. 
Carbon dioxide combining power was determined by 
an electrotitrametric method |/9|. Magnesium was 
determined by a modification of the colorimetric 
method using titan yellow dye | 20). 

Urinary 17-ketosteroids were measured by the 
colorimetric method employing the Zimmermann 
reaction. Blood samples for the determination of 
cortisol concentrations in the plasma were analyzed 
by a modification of Silber and Porter [2/), as de- 
scribed by Peterson, Kaner and Guerra |22). Total 
17,21-dihydroxy-20-ketosteroids in the urine were 
measured by this same procedure following enzymati 
hydrolysis with 9-glucuronidase as described by 
Silber and Porter |2/). 

The urinary aldosterone estimations were made by 
the following physiochemical method. The twenty- 
four-hour urine specimens were brought to a pH of 
1.5 with concentrated hydrochloric acid, extracted 
immediately with 0.1 volume of chloroform, and 
again extracted, after standing twenty-four hours at 
25°c., four times with 0.1 volume of chloroform. 
This procedure released about 90 per cent of the 
“acid labile” conjugate that would have been re- 
leased if the hydrolysis had been allowed to continue 
for ninety-six hours. The chloroform extracts were 
combined. with cold 0.1 normal sodium 
hydroxide, 0.01 volume two to four times, with cold 
distilled water, 0.1 volume two times, and brought 
to dryness in vacuo at 40°c. The residue was then 


washed 


chromatographed for thirty-six hours in the propylene 
glycol-toluene system |23). The region of the chromat- 
ogram that included the area of the cortisone standard 
and 10 cm. below was eluted with 95 per cent ethanol 
The sample then was divided into two parts which 
represent 0.1 and 0.9 of the original urine specimen. 
These were chromatographed with 0.5, 1, 2. 3, 4 and 
4 we. standards of cortisol for ecight hours in the 
isooctane-tertiarv-butanol-water (E.B) svstem 
The dry chromatogram was then dipped in a blue 
hydroxide solution, heated for 
twenty-five minutes at 80 c.. and examined undet 
ultraviolet light, as described by Neher and Wettstcin 
(25). The aldosterone was more polar than cortisol, 


tetrazolium-sodium 


and the visual estimation by blue tetrazolium reduc- 
tion (BIZ) must equal the visual estimation by soda 
fluorescence. Under the conditions described, aldo- 
sterone was the only substance between the starting 
line and cortisol standard that demonstrated both 
BTZ reduction and soda tluorescence. This was not 
the cas when the urine was hydrolyzed with 
glucuronidase. The normal range for this method was 
from 1 to 10 we. per twenty-four hours. 

A seven-day urine pool from this patient was 
processed as described. The aldosterone isolated from 
this pool was found to have the same potency as 
authentic aldosterone when bioassaved in adrenal- 
ectomized rats. The ultraviolet absorption, sulfur 
acid chromagen and the running rate of its diacetate 
were identical with those of authentic aldosterone. 
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Aldosterone Excretion. The initial levels of 
aldosterone were clearly elevated at 22 and 23 
ue. per day. (Figs. 3 and 4.) ACTH, 40 me., was 
administered intravenously over cight hours on 
two consecutive days in the third study period. 
There was a threefold increase in aldosterone 
excretion to 62 we. per twenty-four hours on the 
second day. Four days later this had returned 
to 23 we. per twenty-four hours. 

In the second phase of this study, one day after 
the administration of a large dose of potassium, 
the urine aldosterone rose to 33 ye. per twenty- 
four hours, and after seven days of large potas- 
sium intake it was 40 ye. per day. (Fig. 3.) 
After fifteen days of intensive potassium therapy 
the aldosterone had dropped to 2.6 Bg. per 
twenty-four hours, entirely within the normal 
range. No measurable aldosterone was noted 
on three determinations in the third phase of 
study following subtotal adrenalectomy, or two 
months and six months after the operation. The 
limit of sensitivity for this method is 0.25 ype. of 
aldosterone per sample. An ACTH test repeated 
after six months revealed an insignificant rise to 
0.5 we. per twenty-four hours of aldosterone. 

17-ketosteroids and 17-hydroxycorticoids. 
The urinary 17-ketosteroids and 17-hydroxy- 
corticoids were normal initially. Both demon- 
strated a normal increase in excretion during the 
ACTH test. During the phase of large potassium 
intake there was no significant change. There 
was an increase of both urinary chromagens 
postoperatively associated with the admuinistra- 
tion of cortisone. Subsequently the 17-keto- 
steroids fell to 0.5 me. per twenty-four hours 
and later leveled off at 3 mg. per day. The 
17-hydroxycorticoids remained low. Six months 
after operation there was no significant increase 
in these levels during an ACTH test. 

Potassium Balance. During the initial control 
phase of this investigation the dietary potassium 
intake was 66 mEq. per day. The serum potas- 
sium varied from 2.0 to 2.5 mEq. per L. and 
the potassium balance was slightly positive. 
(Fie. 5.) During the administration of ACTH 
there was no appreciable change in potassium 
balance. (Fig. 6.) After thirteen days the potas- 
sium intake was increased to 300 mEq. per day 
by the addition of 234 mEq. potassium as 
potassium chloride in water taken with meals. 
Except for a three-day period at 200 mEq. 
potassium per day, the large potassium intake 
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Fic. 4. Changes in urinary steroid excretion in response to 
an intravenous ACTH test. 


Microgroms /24 MG /24 by. 


was maintained for twenty-one days. There was 
an increase in the serum potassium to 3.7 mEq. 
per L. in three days and to 5.7 mEq. per L. by 
the seventh day. Subsequently the serum potas- 
sium remained within normal limits. During the 
twenty-one days of large potassium intake, the 
potassium balance became markedly positive 
and a total of 1,845 mEq. potassium was stored. 

Following subtotal adrenalectomy the potas- 
sium intake of 66 mEq. was resumed. At this 
level the potassium balance was in equilibrium 
and the serum potassium was at the upper limits 
of normal, higher than prior to surgery. This 
increase coincided with an increase in the blood 
urea nitrogen. (Fig. 7.) Subsequently with a 
decrease in the blood urea nitrogen and on a 
regular diet at home the serum potassium was 
4.5 mEq. per L. 

Sodium Balance. During the initial control 
phase the dietary sodium was 64 mEq. per 
twenty-four hours. The serum sodium varied 
from 147 to 151 mEq. per L. and equilibrium 
of sodium balance was demonstrated. (Fig. 5.) 
During the administration of ACTH, sodium 
was retained; and after the administration of 
ACTH, there was an increase in urinary sodium 
excretion for two days. (Fig. 6.) 

Later during a large potassium intake, there 
was an abrupt sodium diuresis and a negative 
sodium balance was present. The serum sodium 
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hic. 5. Sodium and potassium balance study. 
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lic. 6. Effect of intravenous administration of ACTH on 
the urine electrolytes. 


decreased to a constant normal value of 143 
mq. per L. After six days of intensive sodium 
diuresis, only a small further sodium loss oc- 
curred despite continued heavy 
potassium. During twenty-one days of potassium 
storage, amounting to 1,845 mEq., there was a 
loss of 828 mEq. sodium. 


storage of 


In the immediate postoperative period there 
was marked sodium retention during a lare¢e 
intake of sodium. Subsequently 
sodium equilibrium was attained on an intake 


of 64 mEq. per day. Because of the development 


parenteral 


of orthostauc hypotension and a rising blood 
urea nitrogen, the sodium intake was increased 
to 174 mkq. per day. A positive sodium balance 
occurred, the blood pressure stabilized at normal 
levels, and the blood urea nitrogen decreased. 

Other Changes During Large Potassium Intake. 
As the positive potassium balance developed dur- 
ing administration of the large dose of potassium 
there was a prompt and continuing return to 
normal of the characteristic disturbances which 
the patient presented on admission: hypo- 
kalemia, clevated carbon dioxide comlnning 
power, hypernatremia, hypochloremia and alka- 
line urine. (Figs. 7 and 8.) The carpal spasms 
disappeared. There was partial disappearance 
of the signs of hypokalemia on the clectro- 
cardiogram, although these did not disappear 
completely until after the operation. Although 
the blood pressure decreased slightly, normal 
values were reached only after the operation. 
(Fig. 8.) 
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A measure of magnesium 
balance (Fig. ‘The serum 
magnesium varied from 2.4 to 2.0 mEq. per L. 
(normal range 1.8 to 2.5 mEq. per L.). One 
value of 3.5 mEq. per L. occurred after potas- 
sium therapy was beeun. It appeared that a 
negative magnesium balance was present in the 
control phase of study. During the first three- 
day period of potassium therapy an increase in 
negative balance occurred. Subsequently mag- 
nesium balance was in equilibrium. Untortu- 
nately a laboratory accident resulted im the loss 
of the postoperative stool specimens for mag- 
nesium values and the balance could not be 
determined. However, in period 21 the mag- 
nesium balance was +2 mEq. per twenty-four 
hours, sue@esting that positive magnesium 
balance was in process. 

Caleaum and Phosphorus. The serum calcium 
and phosphorus remained normal except for an 
increase in scrum phosphorus to 6.3 mg. per cent 


1960 


Magne sum Balance 
was carried out 


APRIL, 


eleetrolvtes and magnesium balance studies. 


when the blood urea nitrogen was elevated. A 
negative phosphorus balance of 300 to 390 mg. 
per day was present during the control study 
Phosphorus equilibrium was attained 


A cal- 


phase. 
during the period of potassium therapy. 
cium balance study was not performed. 

Electroencephalogram. An electroencephalo- 
gram performed during the control study phase 
was abnormal. Paroxysmal slow wave activity in 
the frontal and both central areas appeared 
synchronously. The record was interpreted as 
compatible with a deep-seated diencephalic 
focus. Sixteen days postoperatively a repeat 
electroencephalogram revealed a moderate to 
marked abnormality. There was a focal ab- 
normality in the right central area. This 
clectroencephalogram appeared more abnormal! 
than the initial recording. Seven months post- 
operatively there was moderate abnormality, 
accentuated by hyperventilation. The record was 
less abnormal and no focal findings were evident. 
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COMMENTS 


Nature of the Disease. More than twenty cases 
of hyperaldosteronism have been reported in 
sufficient detail to allow tabulation of the impor- 
tant findings. If the patients described are 
listed according to age and the nature of the 
adrenal lesion, as in the accompanying table 
(Table 1), a clear-cut difference in age distribu- 
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Fic. 8. Alterations in blood pressure and urinary pHi during the three phases of study 


tion is apparent; seventeen patients with 
adenomas were all over twentveseven Vvea©rs old 
at the ume ol pre- 


dominated. One case of hvyperaldosteronism 


diagnosis and females 
due to carcinoma in a fifty-three year old man 
has been reported and we have such a case in a 
thirtv-cight vear old woman | /2,/6). In contrast, 
in the three reported cases of hyperaldosteronism 


in the absence of adrenal tumor (normal or 


TABLE 1 
REPORTED DATA OF PATIENTS WITH HYPERALDOSTERONISM (TWENTY-THREE PATIENTS) 


Adrenal Pathology No. of Patients | Age (yr 

| 

i 
Hyperplasia........ 4 13-18 


Male | Female 


Sex Initial Serum Concentration 
(mEq./L.) 


Potassium | Carbon Dioxide | Sodium 


4 23-43 | 143-156 
1.02.1 | 35-53 | 150 

2 2 125-151 


0 32-54 
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hyperplastic glands) all the patients were less 
than cighteen years of age at the time of diag- 
nosis | 73-75). 

The patient described herein clearly matches 
this latter group in many ways, although she 
lacked the evidence of severe or malignant 
hypertension shown by the cases of Holten and 
Petersen, and Van Buchem. The long duration 
ol SVinptotiis that in these young pa- 
tients the specific adrenal hyperfunction in 
relation to aldosterone may possibly represent 
a special form of congenital adrenal “hyper- 
plasia.”” (The word is placed in quotation marks 
since it is ditheult from the findings in this pa- 
tient, or from reported results, to establish that 
the adrenal cortex ts actually increased in mass.) 

There seems no reason to consider the present 
case as one of salt-losing nephritis with secondary 
aldosteronism. Bartter suggested the possi- 
bility of dithculty in differentiating the two 
conditions unless i can be shown that urinary 
sodium falls nearly to zero on sodium restriction, 
a response which he considers indicative of 
primary hyperaldostecronism. On a moderate 
sodium intake (66 mEq.) our patient did not 
show a negative sodium balance. It may 
be added that in the experience of Thorn 
2), salt-losing nephritis does not simulate 
hyperaldosteronism. 

Preparation for Surgery. During the period of 
potassium loading most of the clinical and 
chemical evidence of potassium deficiency disap- 
peared, and the patient stored a large amount of 
that cation. The importance of this in preparing 
the patient for surgery was emphasized by our 
early experience in which a woman with 
hyperaldosteronism succumbed within forty- 
eight hours after removal of an adrenal adenoma: 
the clinical course was complicated, but it 
appeared likely that inadequate replacement 
may have played a role in the death. In a num- 
ber of the cases reported, the patient apparently 
has also been subjected to surgery without 
vigorous efforts at potassium replacement. This 
is obviously unwise, both because of the in- 
creased risk of cardiac accidents and of un- 
toward responses to anesthetics in the presence 
of potassium depletion. The potentiation of the 
action of curare-like drugs is a particular hazard 
in this regard. Our present case illustrates the 
relative case with which potassium can be 
replaced, temporarily at least. Milne, Muehrcke 
and Aird [&| had a similar experience. 

Response to Corticotropin. Of special interest 
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was the increase in urinary aldosterone excretion 
during the administration of ACTH. The sodium 
retention during and sodium diuresis after 
ACTH therapy is suggestive of an increase in 
aldosterone production, provided that aldo- 
sterone is the only adrenal steroid concerned 
with the renal disposition of sodium, which is 
very unlikely. This effect is the opposite of that 
seen by Conn | 5) in his original patient (with an 
adenoma), in whom the administration of 
ACTH caused prompt sodium diuresis. 

If hyperaldosteronism due to hyperplasia in 
young persons is an entity, some sort of mecha- 
nism may eventually be revealed. Present know!l- 
edge of the pathways by which aldosterone is 
synthesized by the adrenal gland is incomplete. 
One may not postulate an enzymatic. block 
such as is found in congenital adrenal hyper- 
plasia because no deficiency of a known steroid 
end product exists, and because aldosterone 
itself is am end product, not an intermediate 
that could build up if a block existed in the 
step just beyond it. However, it must be recog- 
nized that a shunt of only a few hundred micro- 
grams per day, which might go undetected by 
present methods, would produce profound 
changes due to the potency of aldosterone. A 
more likely explanation would concern extra- 
adrenal stimuli of aldosterone secretion [27]. 
The work of Farrell |28| is quite interesting in 
this respect. He has found that a potent stimulus 
to aldosterone secretion in dogs is a decrease in 
intravascular volume and that this response 
is mediated by changes in tension upon the wall 
of the right auricle of the heart. This stimulus 
may be carried by the vagus nerve to a center in 
the posterior diencephalon that may release 
a neurohormone which he has called glomer- 
ulosotrophic hormone (GITH). This substance 
apparently can selectively stimulate aldosterone 
secretion. One indication of cerebral abnormal- 
ity was presented in our patient by the initial 
abnormal electroencephalogram which _indi- 
cated a lesion in the diencephalon. To be sure, 
encephalographic changes have been noted in a 
number of states of altered adrenal function. 

Response to Potassium. Potassium loading in 
itself will increase the urinary excretion of 
aldosterone and hypokalemia will depress the 
excretion of aldosterone |29|. Laragh and Stoerk 
|30} demonstrated a rise in urinary excretion 
of aldosterone by loading dogs with potassium, 
after prior sodium depletion. These authors 
suggested that the direct stimulus was the rise in 
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serum potassium concentration. Moran et al. 
'37| found a twofold increase in the adrenal out- 
put of aldosterone in dogs following a 2 mEq. per 
L.. rise in serum potassium concentration with- 
out concomitant changes in serum sodium or 
intravascular volume. With potassium loading 
in this case there was an initial rise in the urinary 
excretion of the acid-labile conjugate aldoster- 
one. This correlated with the rise in serum 
potassium concentration from 2.5 to 5.7 mEq. 
per L. Following this the serum potassium fell 
somewhat and the urinary aldosterone fell to 
2 wg. per twenty-four hours. Muller |29) has 
described a similar biphasic course of aldosterone 
secretion in a patient with hypokalemia. The 
observations in this patient might be taken as 
evidence for a relationship between aldosterone 
excretion and changes in serum potassium con- 
centration rather than potassium intake or net 
potassium balance. 


SUMMARY 


An eighteen year old girl had clinical and 
laboratory evidence of hyperaldosteronism with- 
out an adrenal tumor or obvious adrenal hyper- 
plasia. It is suggested this represents a distunctive 
form of congenital adrenal hyperfunction. The 
administration of ACTH led to increased aldo- 
sterone excretion and. simultaneous sodium 
retention. Subtotal adrenalectomy after pre- 
operative preparation with potassium resulted 
in correction of the abnormalities. 


Acknowledgment: Aldosterone was supplied by 
Dr. Hill of the Endocrine Section of the Nationa! 
Institutes of Health, Bethesda, Maryland and 
Dr. C. H. Sullivan of Ciba, Inc., Summit, New 
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Sheehan’s Syndrome with Diabetes Insipidus’ 


Harotp W. 
Grand Forks. North Dakota 


necrosis of the anterior lobe of 


the pituitary gland is the most frequent 
cause of Simmonds’ disease | /-3|. Sheehan | 
demonstrated that this necrosis occurs frequently 
in women who die during the puerperium. He 
correlated necrosis of the anterior lobe of the 
pituitary gland with severe postpartum hemor- 
rhage and “collapse,” and proved the cause to 
be thrombosis of the sinuses in, and ischemic 
infarction of, the anterior lobe of the pituitars 
gland |4). Sheehan |7) also described the symp- 
toms, signs, and some of the biochemical abnor- 


malities resulting from the hormonal insuth- 
ciency produced by this ischemic infarction. 
Subsequently the sequence of postpartum hemor- 
rhage followed by anterior pituitary insuffi- 
ciency was entitled Sheehan’s syndrome. 

The combination of Sheehan’s syndrome and 
diabetes insipidus was first reported by Spain 
and Geoghegan |9). The two cases reported by 
these authors had areas of degeneration 1n the 
posterior lobe, as well as necrosis in the anterior 
lobe, of the pituitary gland. Subsequently other 
cases have been reported | /(-/3). 

In the cases previously reported [9-/3), the 
diagnosis of diabetes insipidus was based on the 
presence of polydipsia, polyuria and a low 
specific gravity of the urine. Definitive tests, 1.c., 
the response of the posterior lobe of the pituitary 
to the administration of nicotine | /4-20) and to 
the intravenous administration of hypertonic 
saline solution |/9-22!, to substantiate the diag- 
nosis of diabetes insipidus were not made. These 
tests, performed on the patient in the present 
case report, proved the existence of diabetes 
insipidus with Sheehan’s syndrome. 


CASE REPORT 


Mrs. R. L. L., a thirty-three year old, white 
woman, was admitted to St. Michael's Hospital, 
Grand Forks, North Dakota, on July 5, 1958. The 
complaint on entry was pain in the chest of two hours’ 
duration on the evening of admission. During the 
preceding one and a half months, her symptoms 


included paroxysmal, productive cough; thoracic 
backache; headache; fever; and syncopal and near- 
svncopal episodes. One week preceding admission, a 
diagnosis of pneumonitis was confirmed by a roent- 
genogram of the chest. Therapy consisted of tetracy- 
cline given orally and an expectorant containing 
codeine 

The patient reported a progressive weight loss. 
from 115 pounds betore pregnancy to 58 pounds, fol- 
lowing the birth of her eighth and last child eight 
months previously. The delivery was complicated by 
a severe postpartum hemorrhage. In 1950 the first of 
nine pregnancies had ended in a spontancous abor- 
tion. Because of placenta praevia, the third delivery 
was by cesarean section. The next tive births were 
by elective cesarean section. At the ume of the filth 
cesdrean section, her uterus was found to be exceed- 
ingly thin. At the time of the sixth and final cesar- 
ean section an elective subtotal hysterectomy (and left 
salpingo-o6phorectomy) was performed to prevent 
future pregnancies with the threat of disastrous 
rupture of the uterus 

Five hours postpartum, another laparotomy was 
necessary because of evident intra-abdominal bleed- 
ing with associated peripheral circulatory collapse. 
The abdominal cavitv was “tull of blood, bleeding 
from all areas even omentum.” Before, during. 
and subsequent to this procedure, the pauient re- 
ceived ~.000 mil. of whole blood, 500 mil. ol plasma 
and 2.6 gm. of fibrinogen plus other intravenous 
fluids and ‘evarterenol bitartrate to combat the 
continued blood loss and peripheral circulatory 
failure. 

The patient's postoperative course was complicated 
for three months by recurring fever (with temperature 
variations of 3 to 5°r. each day), anorexia, nausea, 
vomiting, abdominal distention and diarrhea. Re- 
peated episodes of pneumonitis further complicated 
the picture. An abdominopelvic mass was noted dur- 
ing the puerperium. Treatment consisted of diathermy 
to the pelvis and administration of antibiotic drugs. 
During the next seven months, the mass decreased 
from 12 to 6 cm. in diameter. The exact nature of 
this mass was not determined. A urine specimen 
obtained ten days postoperatively, when the patient 
was no longer receiving parenteral fluids, had a spe- 
cific gravity of 1.000, Six months postoperatively, the 
leukocyte count was 7,000 per cu. mm.; the differen- 


* From the Department of Internal Medicine, Grand Forks Clinic, Grand Forks, North Dakota. 
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tial leukocyte count was 74 per cent lymphocytes, 
24 per cent neutrophils, 1 per cent eosinophils, and 
per cent monocytes. 


Subsequent to this eighth and last delivery, 
the patient failed to lactate for the first time in a 
postpartum period. During the next ten 
months pubic hair scarcely. regrew, axillary 
hair became sparse, and skin color remained 
pale. Excessive tiredness, easy fatiguability, cold 
intolerance, sparsity of scalp hair, and definite 
loss of libido were also noted. This patient also 
developed an insatiable thirst with an estimated 
ingestion of more than 4,000 ml. of water daily 
and associated polyuria. 

The remainder of the history was significant 
only in that the patient had had a right salpingo- 
odphorectomy in 1949. The right ovary con- 
tained a luteal evst and several follicular cysts. 

Physical examination revealed an emaciated 
white woman. The temperature was 98.0°F.; 
pulse, 80 per minute: respirations, 16 per min- 
ute; weight, 89 pounds; height, 5834 inches; and 
blood pressure, 96 56 mm. Hg. The skin was 
pale, smooth and thin. Scalp hair was somewhat 
coarse and quite sparse. Axillary hair was 
diminished, and pubic hair was short and thin. 
Lymph nodes in the left posterior cervical area 
and in both inguinal areas were slightly en- 
larged. At the bases of both lungs, subcrepitant 
inspiratory rales were audible. Attached to the 
uterine cervix and anterior to it was a non- 
tender, irregular, mobile, firm mass 6 cm. in 
diameter. Pelvic examination was otherwise 
within normal limits. 

The return phase of the tendon reflexes was 
minimally but definitely, slowed. Signs of de- 
hydration or hyperpiementation of the skin or 
mucous membranes were not present. 

Laboratory data revealed a hemoglobin of 
12.4 gm. per cent; hematocrit, 38 per cent; 
leukocyte count, 5,500 per cu. mm.; differential 
leukocyte count: 5° per cent lymphocytes, 46 per 
cent neutrophils, 2 per cent cosinophils, and 
2 per cent monocytes. Chest roentgenogram 
demonstrated resolution of the pneumonitis 
noted one week carlier. A roent@enogram of the 
skull revealed no abnormalities. Fasting blood 
(true) sugar was 72 me. per cent; and basal 
metabolic rate, —18 per cent. Serum sodium 
was 156 mEq. L.; serum potassium, 5.6 mEq./L. 
See Table 1 for 17-ketosteroid and 11-oxycorti- 
coid values. 

Therapy of the pneumonitis consisted of 
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TABLE ! 
RESPONSE OF THE ADRENAL GLANDS TO 
ADRENOCORTICOTROPHIC HORMONE 
ADMINISTERED INTRAMUSCULARLY 


2?4-Hour Excretion 


ACTHAR 
Date 
muscularly Keto- Oxy Urine 
‘U.S.P. units) steroids (mil. ) 
(me. mg.) | 
1.9 0.94 2.650 
7 
7/9 40) 
7/10 40) 2.4 4.250 


* Method of Zimmermann | 32). Normal: 5-15 mg. / 
24 hours. 

t Method of Cope and Bain 
24 hours. 


33). Normal: 2-6 mg. / 


tetracycline given orally and an expectorant 
cough mixture. Progress was uneventful; the 
patient was given ACTHAR® Gel intramuscu- 
larly as a therapeutic test for adrenocortico- 
trophic hormone insufficiency. Dismissal from 
the hospital was on July 11, 1958. 

On July 25, 1958, therapy with triamcinolone, 
2 mg. given every six hours, was begun. Two 
weeks later the patient weighed 9144 pounds, 
felt stronger, and was no longer anorexic. She 
was however, intolerant to cold. On August 12, 
1958, therapy with desiccated thyroid, 65 mg. 
daily, was begun. 

Two weeks later the patient no longer felt 
cold, had more energy, and weighed 100 pounds. 
Her blood pressure was 130 88 mm. Hg. The 
scalp hair was of finer texture and becoming 
less sparse. The daily dose of triamcinolone was 
reduced to 6 me., and the daily dose of desic- 
cated thyroid was increased to 96 mg. 

On September 9, 1958, the patient reported 
having hot flushes, which lasted about five min- 
utes, ten or more times each day. The blood 
pressure was 114/78 mm. Hg. The daily dose 
of triamcinolone was reduced gradually from 
6 mg. to 4 mg. over the next three weeks. How- 
ever, due to a lack of understanding regarding 
the tablets, the patient continued to take 4 to 
8 me. of triamcinolone daily—the dose probably 
had been as much as 12 mg. a day prior to this 
time. 

In preparation for subsequent study and 
clarification of the patient’s endocrine status, 
thyroid medication was stopped on September 9, 
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TABLE WU 


RESPONSE OF THE ADRENAL GLANDS TO ADRENOCORTICOPROPIIC HORMONE ADMINISTERED INTRAVENGHSLY 


24-lLlour Lxcretyon 


Date 
(1958 Procedure 
| -Netosteroids rine bstrowens ituitary § 
me cor roids mil Chonadotropin 
me 
10/6 Hivdrocortisone 100 mg., intraven- 
ously in 5°; dextrose and 0.85°, 
NaCl 
10/8 4 1 > Sim) 
10/9 4 2 Ort 
10/10 ACTH 25 U.S.P. units intrave 
nously in 5°; glucose in 8 hours 
10/11 ACTH 25 U.S.P. units intrave- 14.6 LLL 
nously in 59, vlucose in & hours 
10/12 ACTH 25 U.S.P. units intrave- 17.6 
nously in 5°; glucose in & hours 
10/13 ACTH 25 U.S.P. units intrave- 
nously in 5°) glucose in & hours 
10/14 ACTH 25 U.S.P. units intrave- 2 25.1 
nously in 5°; glucose in & hours 
10/15 ‘Test for diabetes insipidus 
10/16 14 Sim) 
10/30 > 


Normal: 6.5 
Normal: 3.0 11.0 me 
160 mee. 24 hours 
250 24 hours 


24 


* Method of Lngel-Zimmerman 3/ 4 me 
tT Method of Silber and Porter 395 
* Method of Kober 7) . Normal: 5 


$ Method of Crooke et al. 37 . Normal 


1958. On September 30, 1958, increasing ured- 
ness was reported. The body weight was then 
105 pounds: blood pressure, 114.70 mm. He. 
Polydipsia and polyuria continued unabated 
during the entire period subsequent to the last 
delivery. 

The last dose of triamcinolone was given on 
October 4, 1958. The following day the patient 
was admitted to St. Michael’s Hospital for 
metabolic studies. That night the patient had 
fever, chills, The 
temperature was 104.4°r.; blood pressure, 90, 60 
mm. Hg.; and pulse, 128 per minute. The pa- 
tient appeared obtunded, and her skin was 
quite warm and dry. Following the intravenous 
administration of fluids (5 per cent dextrose in 
0.85 per cent 100 mg. of 
hydrocortisone, improvement was quite’ rapid. 
Her husband and one daughter had a similar 
illness the same night. They, however, were 
only mildly affected. 

On October 8, 1958, the investigative proce- 


nausea and vomiting. oral 


saline) containing 


dures were begun. Table u presents the values 
lor 1/-ketosteroids and 
vids. A Papanicolaou smear of the vaginal secre- 
tions demonstrated atrophic epithelial cells, no 
estrogenic effect. Basal metabolic rate was — 21 
per cent; fasting blood (truce) sugar, 68 me. pe 
cent. Serum carbon dioxide combining power 
was 209 mMol. L.: serum chlorides, 110 mEq. L 
Phe responses to stimulation by nicotine, Pitres- 
sin,” and hypertonic saline solution (Fig. 1) were 
diagnostic of diabetes insipidus. Dismissal from 
the hospital was on October 17, 1958. 

Therapy was withheld for the next twenty-six 
days. During this time the patient complained 
of just not feeling well, always being tired, 
fatiquability, and morning nausea. The intoler- 
ance to cold was not as prominent as in July. 
Serum total proteins, albumin and globulins 
were normal, as was the blood urea. Serum 
cholesterol was 269 mg. 100 mil. There was no 
constriction of the visual fields. 

Therapy with hydrocortisone, 10 mg. given 
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lest to differentiate psychogenic polydipsia, nephrogenic diabetes insipidus, and 


chabetes insipidus due to insufficiency of the neurohypophyseal system. [he inhalation of the 
non-hiltered smoke from two cigarettes (micotine) and the intravenous administration of 


hy saline tite 


ke. of weneht forty-three minutes: both failed, as indicated 


bw the meoxcdalitees measured, to stumulate the liberation of antidiuretic hormone from the 
posterior lobe of the pituitary gland. The response to Pitressin (20 units administered 


was normal 


bes ol Stern 


and Schales 

orally every twelve hours, was started on 
November 12, 1958. Nine days later the patient 
reported increased energy, stamina and interest 
in household duties. Thyroid replacement ther- 
apy, l-trnodothyronine, 12.5 we. daily, was begun. 
Phe dose of l-triiodothvronine was doubled one 
week later. 

The patient was seen next on December 5, 
1958. Morning nausea had ceased. The patient 
had more stamina and stated that she could not 
remember when she ever felt better. Blood 
pressure was 120 86 mm. He. Two weeks later, 
stilbestrol, | me. daily for the first twenty-five 
days of cach month, and testosterone cvyclo- 
pentylpropionate, 100) me. intramuscularly at 
monthly intervals, were added to the thera- 
peutic program. 

Polydipsia and polvuria persisted and, ac- 
cording to the patient, had increased. Because 
of the fear of the frequent hypodermic injections 
required for the administration of Pitressin 
tannate and to minimize the cost of drugs, the 
patient chose to avoid replacement therapy for 
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These results are diagnostic for insufficiency of the neuro- 
lL rine osmolarity was determined bw the method of Frank et al. 
* - creatomine by the method of Folin and Wu 


¥) - and chlorides by the method of Schales 


the posterior pituitary insufficiency unless it 
should become necessary. The thirst and fre- 
quent urination are no problem except in church. 


COMMENTS 


Calder |23| and Silver |2/) reviewed all the 
cases of Simmonds’ disease reported prior to 
1932 and 1933, respectively. In one case re- 
ported by Thur |25| of postpattum pituitar, 
insufficiency the patient had polydipsia. This 
possibly represented the combination of anterior 
and posterior lobe dysfunction. However, fur- 
ther details were not recorded. 

In 1946 Spain and Geoghegan (9) reported 
two instances of Sheehan's syndrome with dia- 
betes insipidus. Both patients had polydipsia. 
The first one passed an average of 229 ounces 
of urine daily during the last four days of her 
life; death occurred on the tenth postpartum 
day. The second patient averaged 190 ounces 
of urine daily for a period of seventy-two hours 
before becoming incontinent of urine; death 
occurred cighty-four hours postpartum, twelve 
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hours after becoming incontinent. At necropsy, 
both of these patients had lesions in the posterior 
lobe of the pituitary, as already noted. 

Nassar, Djanian and Shanklin’s [/0) patient 
had the simultaneous onset of symptoms of 
anterior pituitary insufhciency, polydipsia and 
polyuria following a severe postpartum hemor- 
rhage with circulatory collapse. The urine flow 
diminished in response to the hypodermic injec- 
tion of Pituitrin.® Anterior pituitary §insuffi- 
ciency, as well as posterior pituitary insuffi- 
ciency, was not documented by physiologic or 
biochemical studies. Sixteen months postpartum, 
without becoming pregnant, there was a spon- 
taneous return of menstruation, increase in 
mammary gland structure, return of the pelvic 
organs to normal size, and an increase in the 
blood pressure. 

In 1953 Engstrom and Liebman | //} described 
a twenty-eight-vear-old white woman with the 
onset of anterior pituitary insufhciency following 
severe postpartum hemorrhage. Six years alter 
this severe hemorrhage, four years after a second 
pregnancy, the patient had an onset of marked 
thirst and polyuria. A severe disturbance of the 
thirst mechanism was demonstrated. Failure to 
maintain an adequate fluid intake produced 
hypernatremia and hyperchloremia. The renal 
tubules responded favorably to the administra- 
tion of Pitressin. The resulting antidiuresis pro- 
duced a maximum specific gravity of the urine 
of only 1.017 (only 1.011 if cortisone was not 
administered at the same time), decreased the 
concentrations of serum sodium and chloride 
to normal, but failed to reduce the polydipsia. 
This patient’s response to tests with hypertonic 
saline solution or nicotine was not determined. 

MacGillivray and Adams’ |/2) patient had 
Sheehan’s syndrome, polydipsia and polyuria of 
simultaneous onset. Deprivation of water for 
five hours resulted in a maximum urinary spe- 
cific gravity of 1.003. The administration of 
Pitressin corrected the thirst and the polyuria. 
Eighteen months postpartum there was a spon- 
taneous recovery of anterior pituitary insufh- 
ciency. Menstruation was established, scalp hair 
grew, and urinary excretion of 17-ketosteroids 
and corticoids returned to normal. 

In 1956 Doxiades and Tiliakos |/3| reported 
a case of Sheehan’s syndrome. This patient had 
the onset of the symptoms of anterior pituitary 
insufficiency, polydipsia and polyuria four 
weeks postpartum. The polydipsia and polyuria 
ceased spontaneously three years after onset. 


Sheehan’s Syndrome with Diabetes Insipidus—— Evans 


The authors [7/3] first saw this patient five years 
after the onset of the anterior pituitary insuffi- 
ciency and therefore could not evaluate even 
the polydipsia and polyuria. Doxiades and 
Tiliakos [/3| stated that postpartum hypo- 
pituitarism with diabetes insipidus is extremely 
rare. However, these authors |/73) refer to six 
cases |26-37) that were not included in the pre- 
vious discussion. 

There can be no doubt that the patient de- 
scribed herein has both Shechan’s syndrome 
and diabetes insipidus. Since the posterior, as 
well as the anterior, pituitary insufficiency oc- 
curred simultaneously, both can be attributed 
to the same cause, Le., postpartum hemorrhage 
with circulatory collapse. 


SUMMARY 


A case of Sheehan’s syndrome and diabetes 
insipidus of simultancous onset is described. 
The insuthciency of the posterior lobe of the 
pituitary is proved by the absence of normal 
physiologic response to the administration of 
nicoune and intravenously administered hyper- 
tonic saline solution. 

The literature concerning postpartum anterior 
pituitary insufficiency associated with posterior 
pituitary insufhiciency is reviewed, 


Acknowledgment: | wish to express my appre- 
ciation to Mrs. Myra Janke Rada, Department 
of Biochemistry, University of North Dakota 
School of Medicine, for the many chemical 
determinations that made this report possible. 
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Intrahepatic Cholestasis Following 


Administration of Chlorpropamide’ 


Report of a Case with Electron Microscopic Observations 


JOSEPH REICHEL. STANLEY B. GoLpBEeRG. Max wpb. 
and FENTON SCHAFFNER. M.D. 


New York, New 


HLORPROPAMIDE (P-607, Diabinese’), like 
tolbutamide |/) an arylsulfonylurea deriva- 
tive, Is a new oral hypoglycemic agent recently 
introduced into clinical practice (2-9). The 
present report describes the 
intrahepatic cholestasis, simulating extrahepatic 
hilary obstruction, following use of this drug. 

Chlorpropamide (1-|p-chlorobenzenesulfony| - 
3-propylurea) differs from tolbutamide in that a 
chloride ion replaces the methyl group in the 
para position, and the side chain includes a 
propyl rather than a butyl group. The drug is 
slowly excreted in the urine | /(/). 

The production of intrahepatic cholestasis 
with biliary tract obstruction by the administra- 
tion of drugs has been noted frequently in recent 
vears {//)|. The drugs implicated include 
arsphenamine [/2), methyltestosterone |/3,//), 
methimazole |/3|, thiouracil |/6), para-amino- 
benzyl caffeine hydrochloride (|/7), dinitro- 
phenol |/2), cinchophen |/7), sulfadiazine 
para-aminosalicylic acid |/9|, norethandrolone 
(Nilevar®) [20,27|, and very prominently, chlor- 
promazine | 22-28). 


occurrence olf 


More recent reports asso- 
ciate cholestasis with promazine, mepazine 
(Pacatal*) chlorothiazide ectylurea 
(Nostyn*) Carbarsone* and prochlor- 
perazine (Compazine*) |33}. 

The clinical picture is one of obstructive 
jaundice, with laboratory findings of increased 
serum alkaline phosphatase and total cholesterol. 
Evidence of hepatocellular damage does occur, 
as indicated particularly by early serum glutamic 
oxaloacetic transaminase elevations and brom- 
sulphalein retention, but may be minimal, 
transient, and not noted in routine diagnostic 
studies | 34,35). Such findings have been demon- 


strated parucularly the investigation ol 
intrahepatic Cholestasis due to norethandrolone 
21,3). Patholowically, the essential feature is 
increased stasis of bile, most marked inthe 
centrolobular area, with tile prement in liver 
and Kupffer cells, and bile throm in canaliculi 
cellular 


permductular 
infiltration, at times cosinophilic, ts variable in 


Periportal and 
occurrence. It is typically absent in cholestasis 
associated with methyv testosterone, norethan- 
drolone, para-aminobenzy! catleine hyvdrochlo- 
ride, methimazole and sulfadiazine 37. There 
may be minimal cellular changes, some ol these 
secondary to bile stasis; feathery degencration 
and multinucleated cells are scen. This picture is 
typical of intrahepatic cholestasis but may also 
be found in cases of extrahepatic Inhary tract 
obstruction. However, the presence ol hvdro- 
hepatosis, manifested by dilated bile ducts, bile 
infarcts, is pathog- 
of the extrahepatic 


extravasation bile 
nomonic of obstruction 
biliary tract | OS). 

Hepatotoxicity has been previously reported 
in association with the administration of chlor- 
propamide. In a series of 1,819 cases collected 
from the literature, fourteen Cases ol damage to 
the liver have been noted |39-4). There is 
evidence from the material available that in 
nine patients a picture of intrahepatic cholestasis 
developed, giving a total incidence of 0.5 per 
cent |. Inasmuch as chlorpropam- 
ide is increasingly used in the management of 
diabetes, the importance of calling attention to 
this manifestation, to prevent surgical explora- 
tion for extrahepatic biliary tract obstruction, is 
obvious. 

Other reported side effects have been nausea, 


*From the Departments of Medicine and Pathology, The Mount Sinai Hospital, New York, New York. This 
study was supported in part by grant A3038 (Path.) from the U. S. Public Health Service. 
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TABLE 1 


KESULIS CFF HERP ATIC 


POLMUTAMIDE 


PESTS DURING COURSE OF [AUNDICE 
AND CHLORPROPAMIDE 


VND APTER CHALLENGE DOSES OF 


Serum 
Serum 
' rine Cephalin 
nee rine om 
(1959 robulin- Floccula- Turbidity 
lotal Nik aline Kile (slobulin 
ogen tion (umits) 
Bilirubin Phosphatase Cholesterol gem. 
me. *; K.-A. units me. 
January 26.2 4 plus 4,4.0 1.9 
? 
14 19.2 pleas 1:20 2.9/3.5 
lt 19 4 24 9 2 plus 40 
ot 13.2 i? 
belwuary 2 ) 2 40) 
2» 4 1? 4% Mf, 
2 plus 
>4 1? § 44/33 
24 fi 41 
[olbutamide on 3/28, 3/29 
anorexia, dizziness, dermatitis. albuminuria, tember. In October, because of persistence of symp- 


leukopenia and thrombocytopenia. Many toxic 
reactions have occurred at hich dosage levels, 
exceeding | em. per day, with subsidence on 
reduction or cessation of therapy | 5,47. 


CASE REPORT 


D. J.. a sixty-seven vear old white housewile, was 
admitted to The Mount Sinai Hospital for the first 
time on January 3, 1959, with the chief complaint of 
itching of two weeks’ duration. The patient had had 
diabetes mellitus for seventeen years, most recently 
treated with 35 units of NPH insulin daily. Urine 
specimens tested at home showed 1-2 plus glycosuria. 
In August 1958 the patient had nausea, vomiting, 
arthritic pains and depression, and was given 2-hy- 
droxy-2-phenyl-ethyl carbamate (Sinaxar®) in Sep- 
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toms, administration of methocarbamol (Robaxin* ) 
was started, and Sinaxar was discontinued. The daily 
insulin requirements at this time were 50 units Lente. 
0} units regular. On October 24, 1958, administration 
of phenylbutazone was started and Robaxin was dis- 
continued. On October 31 therapy with chlor- 
propamide (Diabinese®), 0.25 gm. twice a day, was 
begun, and comtinued until November 28 when the 
patient had symptoms of weakness and vomiting. At 
this time digitoxin was prescribed for atrial fibrilla- 
tion. Two weeks prior to admission (about December 
15, 1958) pruritus was noted, with dark urine, nausea, 
malaise, anorexia and clay-colored stools. 

No history of intolerance to fatty food, exposure to 
hepatitis, virus, ingestion of iproniazid, chlorproma- 
zine or other hepatotoxins was elicited. There were no 
past blood transfusions or history of disease of the 
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ric. 1. A. biopsy specimen of liver showing bile thrombus (small arrow 
(Oriwinal maeniftwation 240. intlammators 


feathery degeneration. Hematoxylin and cosin 
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and liver cell undergone 


cellular inhiltration of portal tract, increased number and size of Kuptfer cells and numerous glyco- 


gen-filled nuclei in lobular periphery (arrows 


Fic. 2. Electron micrograph of two hepatic cell mito- 
chondria with inclusion arranged as a cluster of short 
parallel lines (small arrow) or long parallel bars (large 
arrow). Original magnification X 120,000. 


Hematoxvlin and eosin. Orieinal macnification X 63 


gallbladder. The review of svstems was non-contribu- 
torv. Intermittent claudication was recently noted 
[he patient had undergone tonsillectomy ten years 
before. There were no pregnancies Postmenopausal 
bleeding was absent 

The patient was born in Hungary, smoked moder- 
ately, took no alcohol, and ate a balanced dict 

Phe patient was a well developed, icteric, lethargn 
and writable whit Physical examination 
disclosed a blood pressure of 150, 70 mm. He; pulse, 
$8 per minute; respirations, 14 per minute; tempera- 
ture, 99.6°r. Nanthelasma were absent. The fundi 
showed arteriolar narrowing, bilateral pinpoint and 
micro- 


flame hemorrhages, vellow exudates and 
aneurysms. The patient was edentulous, The antero- 
posterior thoracic diameter was increased, with 
diminished breath sounds at the bases. The heart was 
enlarged to the left, the rhythm was regular with 
occasional =premature A grade 3 
holosystolic decrescendo murmur was heard at the 
apex and precordium. The liver was palpated 1 cm. 
below the right costal margin: the edge was smooth 
and mild shock tenderness was present in the right 
upper quadrant. The spleen was not felt and no 
abdominal wall tenderness, guarding or rebound was 


elicited. No pulses were palpable below the femorals. 


Contractpons. 
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Fic. 3. A, electron micrograph showing disrupted and cystic endoplasmic reticulum (small arrows) 
and dilated bile canaliculus tilled with dense material, presumably bile (large arrow). The nucleus 
is labeled N. Original magnification X 10,000. B, undilated bile canaliculus with shortened and irreg- 
ular microvilli (arrows) which are fewer in number than normal. Ori¢inal magnification X 32,000. 


The ankle jerks were absent. The skin was icteric, and 
excoriated papules were seen on the neck, chest and 
arm. Soft lymph nodes, 1 cm. in diameter, were felt 
in both axillas. Rectal examination revealed no masses 

The laboratory data were as follows: hemoglobin, 
14 gm. per cent; white blood cell count, 9,850 per cu. 
mm., with a differential of 71 per cent polymorpho- 
nuclear leukocytes, 23 per cent lyvinphoevtes, 2 per cent 
eosinophils and 4 per cent monocytes. Platelets were 
normal. Urine analvsis showed: acid reaction; specific 
gravity, 1.018 to 1.020; alburmin, negative to faint 
trace; sugar, negative to 4 plus; acetone, negative; 
and 4 to 5 white blood cells per high power field. The 
ervthrocyvte sedimentation rate (Westereren) on 
January 5 was 85 mm. in the first hour, and on 
February 25 was 20 mm. The stool was grev on admis- 
sion; subsequently it was normal, without occult 
blood. The blood urea nitrogen was 16 mg. per cent. 
The fasting blood sugar was 68 to 216 mg. per cent. 
The serum electrolytes and serum amylase were within 
normal limits. The results of hepatic tests are sum- 
marized in Table 1. 

The venous pressure was 105 mm.; circulation time 
and electrocardiogram were within normal limits. 
Coagulation time, bleeding time, Rumpel-Leeds test 
and clot retraction were normal. The prothrombin 
time on admission was 16 seconds (control, 13.5 
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seconds) and subsequently 13.5 seconds (control, 13 
seconds). The serum iron was 183 wg. per cent; the 
total iron binding capacity was 342 ug. per cent. 
The serum free B,, was 100 we. per mil., total B,. was 
680 we. per ml. 

On January 19 serum lipid partition showed 
cholesterol, 378 mg. per cent; esters, 103 mg. per cent; 
and phospholipids, 676 mg. per cent. Serum globulin 
fractional analysis revealed a low mucoprotein. 
Serological tests for syphilis were negative. L.E. prep- 
arations were negative, as was the latex fixation test. 
There was 17 per cent bromsulphalein retention in 
forty-five minutes, a figure which remained un- 
changed throughout the hospital stay. Oral chole- 
cystography revealed a normal gallbladder. An upper 
gastrointestinal ‘roentgenographic series revealed no 
abnormalities. X-ray examination of the chest 
showed the heart to be at the upper limit of normal in 
its transverse diameter. X-ray examination of the 
parotid regions showed no definite calcifications. 
Hand and wrist x-ray films revealed osteoarthritis. 

The diabetic status was controlled with 50 to 55 
units of Lente insulin daily. Bilateral non-tender 
parotid swelling was noted during the second hospital 
week. 

A biopsy of the liver was performed on January 9, 
1959, with a 1.2 mm. Menghini needle using a trans- 
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thoracic approach. The hepatic architecture was 
found to be intact. In the lobular parenchyma scat- 
tered areas of focal necrosis were apparent. Bile stasis 
was prominent, especially in the centrolobular zone. 
with bile thrombi and feathery degeneration of cells 
(Fig. 1A.) Fat droplets were scattered throughout, but 
were most numerous in the central and intermediate 
zones. Glyvcogen-filled nuclei were noted frequent 
near the lobular periphery. The portal tracts were 
enlarged and infiltrated with intlammatory § cells 
including leukocvtes. mononuclear cells and cosino- 
phils. (Fig. 1B.) Ductular proliferation was noted 
in and around the portal tracts and intlammators 
exudate seemed to surround these ductules. Examina- 
tion of the same tissue in the electron microscope alte 
osmium tetroxide fixation showed the liver cells to be 
intact. The mitochondria were normal in size and 
shape but some contained parallel lines or bars of 
electron-dense material. (Fig. 2.) The endoplasmic 
reticulum was disrupted and swollen. (Fig. 3A.) The 
bile canaliculi were either dilated and filled with a 
dense material, presumably bile, (Fig. 5A) or normal! 
in size but lined by abnormal canaliculi. (Fig. 3B.) 
Examination of a portal tract showed some extra- 
cellular fat. some increase in fibers arranged in 
irregular bundles, and an increase in lymph vessels 
One ductule was seen but us lumen was not clearls 
apparent, presumably because of the 
sectioning. 

The patient's icterus subsided during her hospital- 
ization. (Table 1.) With bed rest and regulation ol 
her diabetic state, there was concomitant improve- 
ment in her general well-being. She was then given 
two oral doses of 0.5 gm. tolbutamide on successive 
days. There was no change in the serum bilirubin, 
alkaline phosphatase or cholesterol. After this chal- 
lenge, 50 mg. of chlorpropamide was given daily for 
four successive days. The serum glutamic-oxaloacetc 
transaminase was noted to have increased to 69 units 
and 60 units on the second and fifth davs afte: 
administration was begun. This was interpreted as a 
significant rise and further chlorpropamide challenge 
doses were withheld. There was no increase in serum 
bilirubin, serum alkaline phosphatase or brom- 
sulphalein retention at this time. 


COMMENTS 

The pathogenesis of intrahepatic cholestasis 
has been a subject of much investigation and 
dispute. Etiologically, it may be drug-induced 
or may represent a possible variant of viral 
hepatitis, periacinar or cholangiolitic hepatitis 
'48,49\. Whether the cholestasis following ad- 
ministration of drugs is a toxic or an allergic 
manifestation is not known. The evidence that 
this represents a hypersensitivity phenomenon, 
notably in chlorpromazine jaundice, includes 
the following points: onset after small dosage, 


plane of 
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a definite latent period betore onset of cholesta- 
sis, Other Concomitant or independent reactions 
commonly considered allergic, the presence of 
periportal and peripheral cosinophilia at times, 
and accelerated and positive reactions upon 
challenge, with some suggestion of cross sensi- 
Those favoring the thesis that 
direct 


tivity | /7,28,50). 
intrahepatic cholestasis 
hepatotoxic etlect: may point to the inconstant 
results with challenge | /4,50) (although one may 
postulate desensitization (37)), and to the high 


incidence (20 to 50° per cent) of laboratory 


represents 


evidence ol damage to the liver in patients 
carelully observed under therapy | 34,35 

The exact mechanism of cholestasis is ob- 
scure, although abundant. A 
widely held postulate its that of injury to the 
ductules, producing increased permeability and 
consequent leakage of bile and water, leading 
to inspissation of bile and requreitauion jaundice 
ISIS. The oldet concept of “albuminocholhe™ 


theor es 6 


postulates passage ol protean cous thaterial 
into the biliary radicles and « onsequent prec ipi- 
tation of bile Periportal cellular infiltra- 
tion has been considered by some to be sec ondary. 
to Cholestasis buat others beheve that the 
exudate is primary and toxic, and that second- 
(other 
investigators invoke a change in Composition of 
bile due to the presence of the drug, with conse- 


quent increased viscosity and bile stasis | 23 


ary compression ol ductules occurs | /4 


(Changes in composition of bile and viscosity have 
also been blamed on direct injury to the liver 
cell | 15,27,52,53 

Further insight into the mechanism of intra- 
hepatic cholestasis has been acquired by the 
electron microscopic finding of altered muicro- 
villi in undilated bile canaliculi of the liver cells, 
an observation made in this patient and others 
with intrahepatic cholestasis |5/). This alteration 
appears to be the primary morphological 
change in intrahepatic cholestasis and probably 
reflects altered function of this membranc, 
possibly with formation of abnormal bile-con- 
taining protein and polysaccharide and with 
loss of fluid from the bile. These factors would 
increase the tendency for precipitation to occur, 
with formation of bile plugs which focally 
obstruct bile flow. Increased intracanalicular 
pressure results, causing rupture of canaliculi 
into nearby extensions of the perisinusoidal 
spaces. 

Unusual structures may appear in the mito- 
chondria after administration of the sulfonyl- 
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urea derivative. Similar structures have been 
seen in patients receiving chlorothiazide, chlor- 
promazine and sulfisoxazole The sienifi- 
cance of this finding is not known. 

In the patient reported, the pathologic find- 
ings are inconsistent with infectious hepatitis. 
The absence of a history of intolerance to fatty 
lood, fever, abdominal pain, tenderness and 
leukocytosis, as well as the periportal eosinophilic 
infiltrate noted, ar@ues against the diagnosis 
of cholestasis with obstruction of the com- 
mon bile duct. The increase of serum glutamic- 
oxaloacetic transaminase noted in response to 
small challenge doses of chlorpropamide would 
unplicate this druge as etiologic in our Case. 
There was no demonstration of cross sensitivity 
to a Close analogue, tolbutamide. The biopsy 
of the liver was similar to that seen in other 
drug-induced cholestatic reactions. Of interest ts 
the unexplained gland enlargement 
which our patient exhilnted. Although enlaree- 
ment of the parotid cland is associated with 


paret 


states of malnutrition, chronic disease of the 
liver, and rarely in diabetes mellitus, its occur- 
rence in acute intrahepatic cholestasis following 
administration of drugs has not been noted | 56). 


SUMMARY 


1. A case of intrahepatic cholestasis secondary 
to the administration of chlorpropamide ts 
presented, 

2. Ot a series of 1,819 diabetic subjects receiv- 
ing chlorpropamide, collected from the litera- 
ture, there were nine Cases suegestive of intra- 
hepatic Cholestasis. 

3. Abnormalities of the microvilli in the bile 
canaliculi of the liver cells, as seen in the electron 
microscope, suadest that this is the primary 
morphologic change in this and other instances 
of intrahepatic cholestasis. Unusual mito- 
chondrial inclusions were also noted, the nature 
of which is unknown. 
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Lipoid Dermato-Arthritis 


Reticulohistiocytoma of the Skin and Joints 


Joserpn Bruce, m.p., ArtHuR CC. ALLEN, M.D. and 
HarveEY BLANK, M.D. 


Miam. Florida 


N recent years lipoid dermato-arthritis has 
I emerged as a new clinical and pathologic 
entity. The condition is characterized by severe, 
often mutilating polyarthritis and by cutaneous 
papules and nodules. Lipoid-laden giant histio- 
cytes are present in both the skin and synovial 
tissues. The blood lipid levels may be normal or 
slightly clevated. 

Allen | 7) was the first to use the term reticulo- 
histiocytoma for this condition. The disorder has 
also been called reticulohistiocytosis and reticu- 
lohistiocyvtic granuloma. In view of the dis- 
ordered lipid metabolism and the involvement of 
joints in this condition, however, the term lipoid 
dermato-arthritis is now preferred. 

We intend to review the known facts about 
lipoid dermatoarthritis and to report the results 
of our investigations of a patient afflicted with 
this unusual disease. 

Clinwal Features. Thus far there have been 
at least twenty recorded cases of lipoid dermato- 
arthritis, reported mostly by dermatologists. 
Females have outnumbered males by a ratio of 
2 wo 1. The average age of onset is forty, with 
extremes of twenty and sixty-six vears. The con- 
dition has occurred in the Caucasian, Oriental 
and Indian races. Lipoid dermato-arthritis is not 
hereditary. 

The onset of the arthritis may precede, ac- 
company, or follow the onset of the cutaneous 
eruption. The arthritis clinically resembles 
rheumatoid arthritis. However, any joint may 
be involved, including the terminal inter- 
phalangeal joints of the fingers, the posterior 
articulations of the lumbar spine and the costo- 
transverse joints. In addition, when the arthritis 
is progressive there results a deformity of the 
fingers known as “la main en_ ilorgnette” 


(telescopic or opera glass hand). The fingers 
become shorter due to destruction of the inter- 
phalangeal joints and subarticular bone. The 
skin of the fingers becomes redundant and lies in 
flabby folds. By varying the tension on the ter- 
minal phalanx, the fingers can be elongated or 
compressed like a telescope or an accordion. 
There may be hyperextensibility of the inter- 
phalangeal joints. Swellings of the tendon-sheath 
may also occur. 

The cutaneous papules and nodules are firm 
and vary in size from 2 mm. to 2 cm. The lesions 
vary from a flesh color to a yellowish or reddish 
brown hue. They are found most commonly on 
the scalp, face, dorsum of the fingers, forearms 
and trunk. Some of the nodules resemble xan- 
thomas. Nanthelasmas of the eyelids have been 
recorded in one-fourth of the patients. Mucosal 
lesions of the lips and tongue may be present 
and on one occasion a nodule of the larynx 
has been observed. 

Solitary nodules may occur without asso- 
ciated arthritis [7-3] and some authors consider 
this is an abortive form of the disease. 

Hypo- and hyperthyroidism have each been 
associated with lipoid dermato-arthritis on one 
occasion but the majority of patients have had 
no thyroid or endocrine abnormalities. The liver 
and spleen are not involved. 

A-ray Findings. There may be rapid destruc- 
tion of all the interphalangeal joints and sub- 
articular bone, resulting in sharp, narrow bony 
edges and a widening of the articular spaces. 
These findings differ from rheumatoid arthritis 
in which the distal interphalangeal joints are 
not involved and the joint spaces become nar- 
rowed as the disease progresses. A diffuse, gen- 
eralized osteoporosis is often present. However, 


* From the Division of Dermatology and the Department of Pathology, University of Miami School of Medicine, Miami, 
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Fic. 1. **La main en lorgnette.”” the result of extensive 
destruction of joint cartilage and subarticular bone. The 
fingers are shortened and the skin lies in redundant folds. 


there are no circumscribed, punched-out long 
bone or skull lesions such as are seen in Hand- 
Schiller-Christian disease or eosinophilic gran- 
uloma of bone. 

Pathology. The diagnosis of lipoid dermato- 
arthritis is made by biopsy of a cutaneous nodule 
or of synovial tissue from an involved joint. 
In well developed lesions characteristic multi- 
nucleated giant cells (up to 50 microns in diam- 
eter) with abundant, eosinophilic, finely 
granular, non-foamy cytoplasm are found in 
both the affected skin and synovial tissues. 
Numerous histiocytes are also present. The 
giant cells may contain 1 to 15 nuclei scattered 
throughout the cell. In the skin the giant cells 
are scattered diffusely throughout the dermis, 
pushing aside the collagen bundles which 
separate them. The giant cell infiltration ts not 
encapsulated but is separated from the intact 
epidermis by a narrow zone of normal collagen. 
Occasionally a patchy mid-dermal! aggregate of 
lymphocytes is also present. The epidermis may 
be thinned and the rete ridges flattened by the 
underlying dermal infiltrate. 

Postmortem findings in two cases [4] have 
revealed a fibrinous pericarditis. The character- 
istic giant cells were found not only in the skin 
and synovial ussues but also in the subcutaneous 
tissues, in bronchial lymph nodes, bone marrow, 
periosteum and endocardium. The liver and 
spleen were not involved. 

Prognosis. The course of the disease is of 
interest. Four patients have died but in no case 
was the cause of death directly related to lipoid 
dermato-arthritis. Three of the deaths were due 
to malignancy (sarcoma of the axilla, adeno- 
carcinoma of the stomach, bronchogenic car- 
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cinoma) and the other to an unexplained short 
febrile illness. 

The course and severity of the arthritis is 
variable. In the majority of patients severe 
arthritis develops which stabilized 
after several years and does not increase in 
severity. In a few patients the arthritis is pro- 
gressive and incapacitating but in others the 
arthritis may improve so that the patients can 
carry on normal activities. In most patients the 
cutaneous nodules have eventually regressed or 
disappeared spontancously. 

Treatment. X-ray therapy, nitrogen mustard, 
penicillin and low fat diets have all proved value- 
less. The corticosteroid hormones may cause 
temporary regression of the cutaneous lesions 
but they recur when administration of the 
steroids is stopped. The corticosteroids have 
been reported to have little effect on the arthritis 
(4). We have, however, noted some improve- 
ment in joint pain and mobility with the use of 


becomes 


triamcinolone. 


ILLUSTRATIVE CASE 


B. C.. a fiftv-five vear old Negro housewife, was well 
until the age of forty-nine when painful arthritis 
developed in the right ankle, lett elbow, both knees 
and both hips. There were no effusions or redness of 
the joints. Three years later both hands and wrists 
became painful and she noted a progressive decrease 
in the length of her fingers. The skin of her fingers 
became more wrinkled as the digits became shorter 
As the arthritis progressed, her hands finally devel- 
oped the typical appearance of “la main en lorg- 
netic.” (Fig. 1.) Her arthritis became increasing), 
incapacitating and progressed to the point where she 
could not walk. 

At age fifty-two, simultaneously with the spread of 
the arthritis to her hands, cutaneous papules and 
nodules developed on her scalp, retroauricular areas, 
perinasal area, cheeks, trunk, arms and hands. Nod- 
ules also developed on her lips and tongue. At the 
same time typical xanthelasmas appeared on her 
eyelids. The nodules varied in size from 2 mm. to 1.5 
em. On the scalp and retroauricular areas they were 
of a yellow-brown or flesh color and often coalesced 
to form elevated, pebbly plaques. (Fig. 2.) In other 
areas the nodules were smooth, discrete, firm and 
reddish brown. (Fig. 3.) The nodules of the lips and 
posterior third of the tongue were the color of the 
mucous membrane. Some of her cutancous nodules 
disappeared spontaneously but others continued to 
erupt. 

There was no family history of arthritis or disease of 
the skin. 

The patient came to our attention in November 
1958 when she was hospitalized for a fracture of the 
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Fic. 2. Numerous nodules of the scalp have coalesced to 
give a pebbly appearance. 


distal third of the right tibia which occurred after a 
fall. She was afebrile and, except for the fracture and 
the previously described cutaneous and arthritic 
changes, her physical examination revealed no 
abnormalities. 

The hemoglobin was 10.6 gm. per cent; serum iron, 
61 weg. per cent. The serum was not turbid. On 
November 20, 1958 the serum cholesterol was 294 mg. 
per cent (normal 150 to 250 mg. per cent); total 
blood lipids, 1,144 mg. per cent (normal 400 to 800 
mg. per cent’; phospholipids, 272 mg. per cent (nor- 
mal 220 to 280 mg. per cent); and total fatty acids, 
442 mg. per cent (normal 250 to 360 mg. per cent). 
On January 15, 1959 the total cholesterol was 271 mg. 
per cent; total lipids, 1,045 mg. per cent; phospho- 
lipids, 338 mg. per cent; and fatty acids, 300 mg. per 
cent. Analysis of the serum lipoproteins by paper 
electrophoresis [5] on December 8, 1958 revealed 80.1 
per cent beta lipoprotein, 10.1 per cent alpha lipo- 
protein and 9.8 per cent neutral fat (normally beta 
lipoprotein is 45 to 60 per cent, alpha lipoprotein is 
20 to 45 per cent and neutral fat 10 to 20 per cent). 
The electrophoretic lipoprotein pattern was abnor- 
mal, showing increased staining of the beta lipoprotein 
and migration of the lipoprotein ahead of the beta 
globulin level toward the alpha 2 globulin level. (Fig. 
4.) Electrophoretic analysis of the serum glyco- 
proteins revealed glycoprotein in all fractions, with 
heaviest concentration in the alpha | and alpha 2 frac- 
tions. The serum protein electrophoretic pattern was 
normal. The sedimentation rate was 38 mm. per 
hour (Wintrobe). On May 1, 1959, the total cho- 
lesterol was 360 mg. per cent. 
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Fic. 3. Diserete reddish brown nodule of the back. 


resembling a xanthoma. 
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Fic. 4. A normal protein electrophoretic pattern is seen 
in lipoid dermato-arthritis. However, there is an abnor- 
mal lipoprotein pattern. There is more intense staining 
of the beta lipoprotein when compared to normal serum 
and a new band appears migrating ahead of the beta 
lipoprotein toward the alpha-2 globulin level of the 


protein pattern. 
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Fic. 5. Roentgenogram of hands and wrists showing 
extensive joint destruction. 


Fic. 7. Low power view = cutaneous “a ‘sion showing nu- 
merous lipoid-laden giant cells infiltrating the dermis. 


The following studies were negative or normal: 
serologic test for syphilis; blood uric acid; slide and 
serum latex tests for rheumatoid arthritis; L.E. 
preparation; white blood cell and differential count; 
protein-bound iodine; calcium, phosphorus and 
alkaline phosphatase; fasting blood sugar; brom- 
sulfalein dye excretion; routine urinalysis; twenty- 
four-hour urinary excretion of 17-hydroxycorti- 
costeroids and 17-ketosteroids. 

Roentgenograms demonstrated severe deformity of 
the hands and wrists. (Fig. 5.) There was widening of 
the interphalangeal joints due to destruction of the 
joint cartilage and subarticular bone. The joint 
spaces between the carpal bones were lost and some of 
the carpal bones were fused. Roentgenograms of the 
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Fic. 6. Roentgenogram of hips showing destruction of 
hip joints and protrusion of femoral heads into the pelvu 
cavity. 


hips revealed narrowing of the femoral heads and 
protrusion of the femurs into the pelvic cavity. The 
hip joints were ankvlosed and destroved. (Fig. 6.) 
Similar destructive changes were present in the knees, 
elbows and ankles. The skull and chest films were 
within normal limits. Diffuse osteoporosis was present 
in all the bones. A fracture was present in the distal 
third of the right tibia. 

Histological and histochemical studies were per- 
formed on twenty cutancous nodules and on a biopsy 
specimen of synovial tissue from the joint of the left 
wrist. Well developed nodules were composed of a 
moderately circumscribed dermal infiltrate of histio- 
cytes, multinucleated giant cells and numerous blood 
vessels. (Fig. 7.) Occasionally, patchy mid-dermal 
infiltrates of lymphocytes were also present. The giant 
cells (up to 50 microns in diameter) possessed abun- 
dant, non-foamy, cosinophilic cytoplasm with a 
homogeneous or finely granular appearance. They 
contained up to 15 vesicular nuclei with prominent 
nucleoli. The dermal infiltrate was sharply de- 
marcated from the intact epidermis by a narrow zone 
of normal collagen. The subcutancous fat was not 
involved. 

An carly lesion contained few or no giant cells but 
was composed of a dense dermal infiltrate of numerous 
histiocytes, cosinophils, lymphocytes, blood vessels 
and extravasated red blood cells. 

The synovial tissues contained numerous histio- 
cytes, giant cells and blood vessels. (Figs. 8 and 9.) 
The giant cells were similar to those seen in the 
cutaneous nodules. 

Biopsy of the liver and bone marrow revealed no 
abnormalities. 

Histochemical staining of formalin-fixed cutancous 
nodules revealed the following findings: frozen sec- 
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Fic. 8. Low power view of synovial tissue from left wrist. 
Numerous histiocytes, giant cells and blood vessels are 
present in the infiltrate. 


tions stained with Sudan tv and oil red 0 showed only 
faint diffuse staining of the giant cell cvtoplasm in 
most nodules but a few exhibited more intense stain- 
ing. There was no increase in Sudan tv staining after 
O.1N HCl hydrolysis. Frozen sections and post- 
chromed paraffin sections stained with Sudan black 
B showed moderate to intense staining. Periodic acid- 
Schiff (PAS) with or without diastase showed moder- 
ately intense staining of the giant cell cytoplasm and 
surrounding connective tissue which was abolished 
after extraction of the tissue with hot acetone. Prus- 
sian blue iron stain twenty-four hours after injection 
of 0.14 ce. colloidal iron revealed a small quantity 
of iron in giant cells, a large quantity in histiocytes. 
The following reactions were negative: Baker's acid 
hematin test; alcian blue; Millon’s stain; thionine 
stain; Prussian blue for iron; Giemsa stain; Zichl- 
Neelsen acid-fast stain. 

The patient's fracture healed after three months in a 
plaster cast. Forty milligrams of triamcinolone was 
given for six weeks. There was temporary disappear- 
ance of some cutaneous nodules but they recurred 
when the administration of triamcinolone was 
stopped. There was only partial relief of arthritic pain 
and a slight increase in joint mobility. 


COMMENTS 


We have observed that early lesions may con- 
tain few or no giant cells and are composed of a 
dense dermal infiltrate of numerous histiocytes, 
lymphocytes and cosinophils. There are an 
increased number of blood vessels, and extrav- 
asated red blood cells may be observed lying 
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Fic. 9. High power view of giant cells lining the synovial! 
space. The giant cells possess abundant, eosinophilic, 
finely granular cytoplasm and may have 1 to 15 nuclei. 


free in the tissues. Walther [6] recently has also 
observed a polymorphous infiltrate in some 
nodules. In addition to our findings of histio- 
cytes, lymphocytes and eosinophils, he also 
noted the presence of plasma cells. 

It is the opinion of one of us (A. C. A.) that 
this disorder has been called “‘ganglioneuroma”’ 
on one occasion because of the resemblance of 
the giant cells to ganglion cells {7}. 

We have concluded from our histochemical! 
studies that the lipid substance present in the 
cytoplasm of the giant cells is probably a 
glycolipid; in this we concur with the findings of 
Lyell and Carr [7]. We came to our conclusion in 
the following manner: In most nodules the 
giant cell cytoplasm was only slightly stained 
with Sudan tv and other neutral fat stains, al- 
though some nodules showed stronger sudano- 
philia. The giant cell cytoplasm was more 
intensely stained with Sudan black B. This led to 
the conclusion that a bound or combined lipid 
was present in the giant cells. Unlike the red 
Sudan dyes which stain mainly neutral fat, 
Sudan black B also stains phospholipids, glyco- 
lipids, lipoproteins and lipofuscins [8]. 

There was also moderate staining of the giant 
cell cytoplasm and surrounding tissues by the 
periodic acid-Schiff (PAS) reaction which 
demonstrates the presence of 1,2 glycol groups. 
After extracting the tissue with hot acetone, a 
lipid solvent, the giant cells were no longer PAS- 
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positive. This indicated that the positive PAS 
reaction was due to a lipid substance. The only 
substances known to be stained by both the PAS 
reaction and Sudan black B are the glycolipids, 
phospholipids, lipoproteins and lipofuscins [8]. 
It remained to determine which of these sub- 
stances was present in the cytoplasm of the giant 
cells. 

The presence of lipofuscin, a pigment derived 
from the breakdown of lipoproteins, was ruled 
out because the giant cells lacked pigment, were 
eosinophilic and were not acid-fast. The presence 
of lipoprotein or a lipid-polypeptide complex 
was eliminated because there was no increase in 
Sudan iv staining following acid hydrolysis. 
In addition, the Millon reaction for proteins 
containing tyrosine was negative. 

We then had to determine whether the posi- 
tive PAS and Sudan black B reactions were due 
to phospholipids or glycolipids. There is no 
specific method for glycolipids and so several 
nodules were subjected to Baker’s acid hematin 
method for phospholipids. Since phospholipids 
were not demonstrated we must conclude that 
the positive PAS and Sudan black B staining was 
probably due to the presence of a glycolipid in 
the giant cells and surrounding tissues. 

The PAS-positive material was stil positive 
after treatment with diastase, excluding the 
presence of glycogen. Acid mucopolysaccharides 
and mucoproteins were excluded by negative 
alcian blue and Millon stains and by a positive 
Sudan black B stain. 

Caro and Senear {9} demonstrated phagocyto- 
sis of intravitally injected colloidal iron by the 
giant cells and considered this to be proof of the 
reticuloendothelial nature of these cells. Only 
small amounts of injected colloidal iron were 
ingested by the multinucleated giant cells in our 
studies. Larger amounts of iron, however, were 
ingested by small and large transitional histio- 
cytes present in the same lesions. Staining with 
Prussian blue prior to iron injection revealed no 
normally occurring iron in the giant cells or 
surrounding tissues. 

The serum cholesterol has been slightly or 
moderately elevated in one-third of the recorded 
cases, including our own. In other patients the 
serum cholesterol values were normal. Little 
attention has been paid to the total blood lipids 
or serum lipoproteins in this disease. Mont- 
gomery et al. [/0] reported a normal total blood 
lipid value of 458 mg. per cent in one patient and 
values of 507, 616 and 756 mg. per cent in an- 
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other, who also had myxedema. Lyell and Carr 
(7| noted a slightly increased amount of alpha 
lipoprotein and a greatly increased amount of 
beta lipoprotein in a morning specimen of serum. 
An afternoon serum specimen, however, showed 
a normal amount of alpha and beta lipoprotein 
in their patient. Our patient’s serum was not 
turbid. Analyses of her blood lipids, however, 
showed slight but distinct abnormalities. These 
included moderate clevation of the total blood 
lipids and cholesterol, transient clevation of the 
phospholipids and fatty acids, and an abnormal 
electrophoretic lipoprotein pattern. The latter 
finding was of especial interest, and increases the 
evidence in favor of a generalized disturbance of 
lipid metabolism in this disease. The plasma 
lipids are transported in combination with 
protein as lipoprotein |//) and a general dis- 
turbance in lipid metabolism may be reflected in 
an abnormal serum lipoprotein pattern. By 
paper electrophoresis two main lipoprotein 
bands normally appear, beta lipoprotein migrat- 
ing with the beta globulin, and alpha lipoprotein 
migrating with the alpha-1 globulin of the 
protein pattern. At the origin the neutral fats 
are stained. The beta lipoproteins contain most 
of the cholesterol and are also rich in phospho- 
lipid. Our patient's pattern showed an increased 
quantity of beta lipoprotein. In addition, an 
abnormal band appeared, migrating ahead of 
the beta lipoprotein, toward the alpha-2 
globulin level of the protein pattern. This ab- 
normal band does not occur in hypercholester- 
emic xanthomatosis |/2|. The lipoprotein pat- 
tern of idiopathic hyperlipemia shows diffuse 
intense staining of neutral fat at the origin of the 
paper and the intense staining may extend to 
the alpha-2 globulin level of the protein pattern 
(72). An increased quantity of beta lipoprotein 
is a feature of essential hyperlipemia |/3). A pat- 
tern similar to that seen in our patient occurs in 
other disturbances in lipid metabolism, such 
as the nephrotic syndrome, and may appear in 
coronary thrombosis |/3}. Our patient had none 
of these diseases, however. 

Further analyses of blood lipids and _ lipo- 
protein patterns in lipoid dermato-arthritis may 
help elucidate the nature of the general lipid 
disturbance that we believe is present in this 
condition. 


SUMMARY 


1. Lipoid dermato-arthritis is a_ recently 
recognized disease of lipid metabolism char- 
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acterized by a destructive polyarthritis resem- 
bling rheumatoid arthritis and by cutaneous 
papules and nodules. 

2. Characteristic multinucleated giant cells 
are found in both the affected skin and synovial 
Lissucs. 

3. The giant cells contain a lipid substance 
which is probably a glycolipid. 

4. Early lesions may contain no giant cells 
but a polymorphous dermal infiltrate of histio- 
cytes, eosinophils, lymphocytes and extravasated 
red blood cells. 

5. The blood lipids may be normal or slightly 
elevated. 

6. An abnormal electrophoretic lipoprotein 
pattern is demonstrated. 

7. Treatment is unsatisfactory. Administra- 
tion of corticosteroid hormones may cause 
temporary regression of the skin nodules but 
have little effect on the arthrits. 


Acknowledement: We wish to thank Mr. David 
Taplin for performing the histochemical stain- 
ing, and Mr. William Atkinson and his staff for 
the photography. 
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Chronic Relapsing Pancreatitis with 
Extensive Subacute Peritonitis and Chronic, 
Recurrent Massive “‘Chylous”’ Ascites’ 


EARL E. GAmBILL. M.D... WALTMAN WALTERS. M.D. and 


W. SCANLON. M.D. 


Rochester, Minnesota 


RANSIENT, low grade ascites occa- 
{ ?raers develop during an episode of acute 
pancreatitis. Chylous-appearing ascites in this 
disease is rare. We have not seen any cases other 
than the one we are reporting herein, nor have 
we seen reports of ascites recurring over a six- 
month period following an attack of acute 
pancreatitis. Actually, exploration in our patient 
disclosed chronic pancreatitis with extensive 
diffuse peritonitis apparently due to pancreatitis. 
That such ascites, recurring during a six-month 
period, should cease after abdominal exploration 
without definitive surgical treatment but with 
x-ray therapy seemed unusual. Because of these 
unusual features we are reporting this case. 


may 


REPORT OF CASE 


A fifty-four year old married insurance clerk came 
to the Mavo Clinic on September 4, 1954, because of 
ascites and edema of his legs of six months duration. 
He had been drinking 4 to 6 ounces of whiskey daily 
for many years prior to December 1953 when he dis- 
continued the consumption of alcohol. Since 1944 
his weight had decreased gradually from 160 to 135 


abdominal bloating with pain, each lasting several 
days. Then on December 29, 1955, he had an acute, 
more severe episode of pain in the epigastrium and 
right upper quadrant that extended to the right 
lumbar region and was associated with a temperature 
of 101°r., nausea and vomiting (coffee-colored vomitus 
on one occasion), increased sedimentation rate, gastro- 
intestinal ileus with distention, and serum amylase 
values of 256, 284 and 230 units. After two weeks of 
these symptoms the patient was hospitalized for 
three weeks and treated with gastric suction and 
intravenously administered fluids, electrolytes, glucose 
and vitamins. Gradual improvement followed his 
dismissal from the hospital until late February 1954 
when ascites and edema of the legs developed. 


Six thousand cubic centimeters of “chvlous” fluid 
was removed by abdominal paracentesis. Since then 
entesis at week intervals had been 
each ume with removal of 5.000 to 10,000 cc. of the 
same chylous type of fluid, which did not contain 
malignant cells. The last paracentesis was performed 
two weeks prior to this admission. His physician had 
suspected abdominal malignancy with obstruction ol 
the thoracic duct 

Physical examination disclosed a severely emaci- 
ated man with ascites, grade 2, and pitting edema of 
the legs, grade 2 to 3. The blood pressure was 96 mm 
Hy systolic and “U0 mm. Hg diastolic; the pulse rate 
was 100 beats per minute and the temperature 95.6 F. 
One spider angioma was seen over the left arm. There 
were prominent veins over the abdomen and flanks, 
and palmar erythema, grade 2, was present. It was 
thought that the liver was not enlarged, but ascites 
did not permit a good examination. The spleen was 
not palpable. A small hernial sac was felt in the left 
inguinal canal 

The patient had grade 1 albuminuria. The con- 
centrauon of hemoglobin, ervthrocyte and leukocyte 
counts, concentration of blood urea, concentration of 
blood sugar after fasting, results of the sullobromoph- 
thalein test of liver function, concentration of serum 
bilirubin fractions, cephalin-cholesterol flocculation 
reacuon and the Quick prothrombin ume were all 
within normal limits. The concentration of serum 
protein was 4.9 gm. per 100 mil. (albumin 3.2 gm. and 
globulin 1.7 @m.). The sedimentation rate (Wester- 
gren method) was 49 mm. Electrocardiographic 
examination did not reveal any diagnostic defects. 
Results of the roentgenographic examination of the 
thorax were negative. A plain roentgenogram of the 
abdomen disclosed no calcific shadows. A few gas- 
containing loops of jejunum were seen in the left side 
of the abdomen. Studies of the esophagus and stomach 
with the aid of barium did not show varices. A 
tiny diverticulum was seen in the first part of the 
duodenum. 

The patient was given a salt-poor, liver disease type 


* From the Sections of Medicine, Surgery and Therapeutic Radiology, Mayo Clinic and Mayo Foundation, Rochester, 
Minnesota. The Mayo Foundation is part of the Graduate School of the University of Minnesota. 
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of diet plus vitamin supplements. The caloric intake 
varied from 1,600 to 2,200 calories. Diuresis did not 
follow administration of 2 cc. of mercaptomerin 
(Thiomerin®™) given on two different days. 

At abdominal exploration on September 15, 1954, 
3,000 cc. of ““chylous ascitic fluid” was removed. The 
fluid appeared milky and contained flakes of calcium 
a few millimeters in diameter; some of the flakes were 
adherent to the visceral peritoneum. The visceral 
and parictal peritoneum throughout the abdomen 
presented a diffuse inflammatory reaction char- 
acterized by redness, edema and petechial hemor- 
rhage on manipulation of the visceral structures. The 
pancreas was foreshortened, hard and reddened, 
having the typical gross size and feel of chronic pan- 
creatitis. It was thought that a small tumor might be 
present in the head of the pancreas and obstructing 
the superior mesenteric vessels. Multiple specimens 
removed from this part of the pancreas all showed 
chronic pancreatitis. Specimens removed from the 
gastrocolic omentum and parictal peritoneum re- 
vealed subacute inflammation. The liver appeared 
normal. A biopsy specimen of the liver showed only 
organizing subacute exudate on the surface with 
mild pericholangitis. The ascitic fluid contained 
inflammatory clements with phagocytosed fat glob- 
ules; culture was negative for brucella. fungi and 
tubercle bacilli, and guinea pig inoculation also was 
negative for tubercle bacilli. 

Aside from considerable edema of the legs asso- 
ciated with low values for serum proteins, which 
seemed to be benefited by blood transfusions, the 
postoperative course was uneventful. More or less 
empirically, the patient was given roentgen therapy 
postoperatively; on cach of four successive days, 160 r 
(air) was delivered to cach of four anterior abdominal 
quadrants covering the entire peritoneal cavity. He 
was dismissed from the hospital on the twenty-fifth 
postoperative day. On October 14, 1955, a year after 
dismissal, he wrote that he felt more like his normal 
self again except for casy fatigabilitv. He had been 
working every day since April 1955. Striking improve- 
ment in his appearance is shown in the photographs 
he sent us. (Fig. 1.) 

The patient returned to the clinic on April 16, 1958, 
for a check-up. He had had no further attacks of 
abdominal pain or ascites since dismissal in October 
1954. By April 1955, he had gained about 19 pounds 
and had returned to his usual work. He drank about 
two cans of beer daily. By mid-afternoon he would 
become fatigued. Although his appetite was good, 
food tasted flat. Since May 1957 he had felt full and 
gassy after cating small amounts and had noted per- 
sistent numbness of the tonguc, upper and lower lips 
but no numbness of the extremities. Because of 
restricted intake of food he had lost about 8 pounds 
in a year. There was no history of steatorrhea and the 
bowel movements were regular. 


On April 18, 1948, the patient weighed 116 pounds 
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Fie. 1 Appearance of patient before (/eft) and one year 


after (right) exploratory laparotomy and roentgen 


therapy. 


and was 72 inches tall. Blood pressure, temperature 
and pulse rate were normal. He was moderately 
emaciated and his face was florid. A firm nodule 
2 cm. in diameter was present in the lower pole of the 
right lobe of the thyroid. He appeared euthyroid. The 
abdomen was flat; no masses were felt; the liver was 
not enlarged and there were no enlarged veins over 
the abdomen, thorax or legs. There was grade 2 
pitting edema involving the lower half of the legs. 

Results of the 1958 examination were as follows: 
Urinalysis disclosed an occasional hyaline cast. 
Roentgenographic study of the thorax, pancreatic 
region, gallbladder and stomach revealed no ab- 
normalities. The values for hemoglobin, leukocyte 
count, sedimentation rate, Quick prothrombin time, 
concentration of blood urea, fasting blood sugar, and 
values for fatty acids and total lipids were within nor- 
mal limits. The value for total proteins was 5.1 gm. 
per 100 ml. (albumin 3.7 gm., and globulin 1.4 gm.). 
The serum carotene level was 16 I. U. per 100 cc. 
The serum calcium measured 8.7 and 8.5 mg. per 
100 ml. and the phosphate 2.9 and 2.4 mg. per 100 ml. 
on two different days. A twenty-four-hour collection 
of feces while the patient was receiving a general dict 
contained 21 per cent of fat; the total weight of the 
specimen was 364 gm., of which 27 gm. represented 
solids. 

It was thought that the decreased concentration of 
serum proteins was possibly due to decreased intake 
of protein and that the decreased concentration of 
serum calcium might in turn be related to the low 
concentration of serum proteins. The patient was 
dismissed with instructions to follow a high caloric. 
high protein dict with vitamin supplements, and to 
refrain from the use of alcoholic beverages. 


COMMENTS 


Unusual in this case is the fact that abdominal 
paracentesis was required for recurring ascites 
for as long as cight months after the attack of 
acute pancreatitis. The white, milky appearance 
of the fluid suggested that it was of chylous 
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origin and resulted from obstruction to the 
lymphatic ducts. Could this appearance have 
been due to hyperlipemia secondary to or asso- 
ciated with the pancreatitis, or due to a high fat 
content from breakdown of tissue fat by pan- 
creatic lipase liberated as a result of pancreatitis? 
Unfortunately, we did not determine the blood 
fats or the fat content of the ascitic fluid during 
the patient’s illness. The presence of phago- 
cytosed fat globules in the fluid might favor a 
high fat content in the fluid. The values for 
blood fat were within normal limits approxi- 
mately three and a half years after exploration. 

The extensive diffuse subacute peritonitis in 
the absence of demonstrable infection is unusual. 
The appearance and diffuseness of the process 
are consistent with a chemical peritonitis such as 
might be produced by the prolonged presence 
of pancreatic enzymes in the peritoneal cavity. 
While the peritoneal process was subacute, the 
pancreatic process was chronic. 

We believe that these striking features of 
chronic recurring chylous ascites over a six- 
month period, with diffuse subacute peritonitis 
and the gross and microscopic picture of chronic 
pancreatitis, represent unusual sequelae of 
chronic relapsing pancreatitis. Why ascites 
should first be observed about eight weeks after 
an acute episode of pancreatitis and then recur 
several times over a six-month period in the 
absence of further episodes of pain is obscure, 
although possibly the patient may have had 
subsequent recurrent episodes of so-called pain- 
less pancreatitis. Equally obscure is why such a 
chronic process, continuing for eight months, 
should clear up after exploratory laparotomy 
and roentgen therapy, since no specific thera- 
peutic measures were carried out at surgical 
exploration by which such relief might be 
explained... Whether roentgen therapy had 
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anything to do with the favorable course remains 
speculative. Our records indicate that cicht 
patients with chronic pancreatitis received 
roentgen therapy in the years 1936 to 1957, 
inclusive. The indication for treatment was 
pain, and none of them had ascites at the time. 
There was no clear-cut evidence that such 
therapy was definitely beneficial in relieving 
the pain of pancreatitis. 

Morton and Widger [/| reported that roent- 
gen therapy possibly may shorten attacks of 
acute pancreatitis. Streda [2) indicated that 
roentgen therapy was beneficial in chronic 
pancreatitis. Chisholm and Seibel [3] used 
roentgen therapy in dogs with experimentalls 
produced acute pancreatitis and in normal dogs, 
and observed that a single exposure apparently 
inhibited production of amylase but that heavy 
or repeated doses may have had deleterious 
effects on the pancreas. 


SUMMARY 


A fifty-four year old man chronically addicted 
to the use of alcohol suffered from chronic 
relapsing pancreatitis. Peculiarly interesting is 
the appearance of chylous ascites eight weeks 
after a severe attack of pancreatitis which re- 
quired repeated abdominal paracentesis for 
about six months. After exploration and roent- 
gen therapy, ascites and pain had not recurred 
during the subsequent three years of observation. 
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NILEV. 


Can Speed 
Recovery 


*“Commonly, negative nitrogen balance’ occurs 
during acute febrile illnesses and following 
traumatic events and surgical procedures.” As 
much as 300 to 400 Gm. of nitrogen* may be 
destroyed daily in severe infections. Convales- 
cence! is delayed when negative nitrogen bal- 
ance is large and persistent. 

NILEVAR Builds Protein, Speeds Convales- 
cence to Complete Recovery’ * “. . . we were 
impressed® with the efficacy of Nilevar as an 
anabolic agent. All of the patients reported feel- 
ing much more vigorous and experiencing an 
increase in appetite. ...” 

The actions of Nilevar* in reversing a nega- 
tive nitrogen balance — and therefore a negative 
protein balance—improving the appetite and in- 
creasing the sense of well-being can be expected 
to shorten the illness and the convalescence of 
these patients. 

An initial daily dosage of 30 mg. of Nilevar 
(brand of norethandrolone) is suggested. After 
one to two weeks, this dosage may be reduced 
to 10 or 20 mg. daily in accordance with the re- 
sponse of the patient. Continuous courses of 
therapy should not exceed three months, but 
may be repeated after rest periods of one 
month. Nilevar is supplied as tablets of 10 mg.. 
drops of 0.25 mg. per drop and ampuls of 25 
mg. in | cc. of sesame oil with benzyl alcohol. 
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(Warfarin Sodium, Abbott) 


for the prevention and treatment of 
intravascular thrombosis and embolism 


The physician’s great edvantage with PANWARFIN Is this: 
he can establish stable oral dosage with relative simplicity. 

PANWARFIN Is predictable in its effect. The 
physician will note but little day-to-day fluctuation 
in his patients’ prothrombin times. He isn’t beset by 
the usual need for frequently readjusting dosage. 
Guided by simple lab determinations, he gains early 
control of coagulability, and maintains the dosage 
with a minimum of tinkering. 

The initial dose provides therapeutic prothrombin 
levels within about 18 hours. Or, if immediate effect is 
desired, PANHEPRIN™ (Heparin Sodium, Abbott) 
may be given intravenously at the same time; after 
24 hours, hypoprothrombinemia is then maintained 
by regular oral doses of PANWARFIN alone. 

Consider PANWARFIN for your future anticoagulant 
regimens, doctor. Our literature gives full details. 

Ask your Abbott representative for it, or write. 
SUPPLIED in 5-mg. white grooved tablets, List No. 6973, bottles of 100 and 


1000; 10-mg. yellow grooved tablets, List No. 6988, bottles of 100 and 1000; 
and 25-mg. orange grooved tablets, List No. 6994, bottles of 25, 100, and 1000. 


ABBOTT LABORATORIES NORTH CHICAGO, ILL. 


— 
— 
Gorrie 
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EXCHANGE PECTIN, N.F. 


Key to effective treatment 
of gastro-intestinal disorders 


| 


Diarrheas...dysenteries...many other intes- derivatives widely used in therapeutic 
tinal disorders...respond quickly and favor- specialties include: 

ably to treatment with pharmaceutical 
specialties whose key ingredient is a citrus 
pectin or derivative in adequate dosage. 


PECTIN N.F.; PECTIN CELLULOSE COMPLEA,; 
POLYGALACTURONIC, GALACTUBRONIC 


These are available to the medical profession 
in specialties of leading pharmaceutical 
manufacturers. Literature and up-to-date 
bibliography available from Sunkist Growers, 
Pharmaceutical Division. Address: 720 E. 
Exchange Brand Citrus Pectin and pectin Sunkist Street, Ontario, California. 


Exchange Brand Pectin N.F. will provide a 
dependable therapeutic dosage of galac- 
turonic acid—the recognized detoxicating 
factor in the pectin. 


Sunkist Growers PRODUCTS SALES DEPARTMENT * PHARMACEUTICAL DIVISION 


Ontario, California 
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REPRINT ORDER 
FORM 


THE AMERICAN JOURNAL 
OF MEDICINE 


11 E. 36th St.,. New York 16, N. Y. 


Please send me the following re- 
prints from THe AMERICAN JourR- 
NAL OF MEDICINE. 


the original crystalline digitoxin 


BECAUSE it assures you of... SEMINARS 


Flexibility of Administration—Digitaline [|] ALLERGY $2.00 
Nativelle provides for rapid oral digitalization 
within a convenient range of tablet strengths. 
When desired the intravenous route, or the 
new intramuscular injection may be employed. 
The essentially non-alcoholic intramuscular 
formula, unlike most alcoholic menstrua, is 
virtually painless. [] Bone Diseases $2.00 


Efficiency of Action — Digitaline Nativelle is 
pure digitoxin. It is rapidly, completely and 
uniformly absorbed—neither too fast nor too [] Liver DISEASE $2.00 
slow—providing a steady and predictable action 
upon the heart muscle. 


SYMPOSIUM ON RENAL 
PHYSIOLOGY $4.00 


DISEASES OF THE PANCREAS $2.00 


Dependability of Performance—Digitaline 
Nativelle [digitoxin] is the pure active glycoside Enclosed is my check 
insuring optimum range of cardiotonic activity. 
Digitoxin is a drug of choice when a purified 
digitalis product is desired. 


Adequate Margin of Safety—Digitaline Nativelle 
provides virtual freedom from annoying local 
side effects which may occur with the galenicals, 

and its margin of safety is unexcelled by any other Address 
purified preparation. A product of Nativelle, Inc. 


| E. Fougera & Co., Inc. City State 
| Hicksville, Long Island, N. Y. 
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A NEW CLASS OF DRUG FOR THE RELIEF OF PAIN 


phenyramido! HC! 
the first analgomylaxant key a single chemical 
that is both a general non-narcotic analgesic 
and an effective muscle relaxant 


44 
ym. fi 
x | 
2 
wae. 
we 
& 
4 
* 


IN ABDOMINAL AND PELVIC PAIN 
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typical results with 


Analexin and Analexin-AF in 
abdominal and pelvic pain- 


Condition Relief 
pain associcted with: 
duodenal ulcer 10 9 1 
hiatus hernia 
gallbladder colic 5 2 3 
dysmenorrhea 96 88 8 
abdominal distress (flatulence, colic, 10 é 4 
constipation, etc.) 

epigastric distress (pylorospasm, gastritis, etc.) 10 7 3 
genitourinary pain 3 3 
pelvic pain (chronic P.I.D., endometriosis, etc.) 12 8 4 
postpartum pain 100 100 

Totals 247 224 23 


*Generically designated as phenyramidol HCI in clinical trials 


typical comments from investigators 


“Not only is satisfactory relief of painful states achieved in the majority of 
patients regardless of etiology and duration of pain, but there is also no evidence 
suggestive of cumulative tcxicity. Furthermore, in contrast to codeine and meperi- 
dine, the likelihood of untoward reactions occurring in ambulant patients is not 
high.” 

When phenyramidol with aspirin was used to replace aspirin and codeine, 
", . . Codeine grains Y2 with aspirin grains 10. Its clinical effectiveness was 
exactly the same as the former two agents combined.’ 


The patients with duodenal ulcer “. . . presented an excellent symptomatic 
control of their complaints. These patients were previously under treatment with 
antacids, antispasmodics and sedatives with recurrent pain and unsatisfactory 
control. Phenyramidol usually administered alone but occasionally with an 
antacid resulted in control of 9 of the 10 patients.’”” 


marenances: |. © Dell, T. B.. ef o/.: J. Pharmacol. & Exper. Therap. 128:65, 1960. 2. O'Dell, T. B., ef ol.: Fed. 
Proc. 18:694, 1959. 3. Gray, A. P., and Heitmeier, D. E.: J. Am. Chem. Soc. 8):4347, 1959. 4. Gray, A. P., ef al.: 
J. Am. Chem. Soc. 81:4351, 1959. 5. Batterman, R. C., ef a/.: Am. J. Med. Sc. 238:315, 1959. 6. 511:5912, Clinical 
Dota from the files of the Medica! Deportment, Irwin, Neisler & Co., 1959. 7. Batterman, R. C.: Paper presented 
ot the New York Academy of Sciences Symposium on ‘Non-narcotic Drugs for the Relief of Pain,’’ Dec. 4, 1959. 
8. Wainer, A. S.: Paper presented at the New York Academy of Sciences Symposium, Dec. 5, 1959. 
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Dependable instrumentation is vital 


Clear -Chi cag Oo *"Diagnostic Applications of 


2 CORPORATION Radioactive Isotopes” explains 
305 E. HOWARD AVE., DES PLAINES, iLL. in detail the procedures for 


when measuring radioisotopes in 


Many of the most important diagnostic tests using 
radioisotopes require measurement of gamma- 
emitting isotopes in blood, plasma or urine samples. 

The most efficient way to count gamma-emitters is with 
a scintillation well counter because the sample can be 
inserted directly into the crystal “well”. Almost all 
the gamma-emission interacts with the crystal, 

When a scintillation counter is combined with a 
scaler-spectrometer, the full capabilities of the well 
counter are realized. The spectrometer allows a phy- 
sician to “tune out” background radiation caused by 
cosmic rays and other sources in the vicinity. Thus, 
measurement accuracy is greatly increascd. 

The DS5-5 Scintillation Well Counter is illustra- 
ted here with the 132A Analyzer Computer, which 
combines a precision scaler and gamma-ray spectrom- 
eter in a single compact chassis. They form a system 
of unusual reliability and sensitivity for such clinical 
studies as blood and plasma volume mecasurcements, 
red cell mass and survival studies, diagnosis of 
pernicious anemia, fat digestion and absorption 
studies, etc.’ 

We would be pleased to discuss these instruments 


with you. 


performing these studics as 
well as other common radio- 
isotope tests. Please ask us 
for your free copy. 
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An instructive new seminar 
that presents recent clinical findings on 


MYCOTIC INFECTIONS 


This seminar contains: 


Current Concepts of Diagnostic Serology and Skin Hypersensitivity in the Mycoses. 


S. B. Satvin, px.p., Hamilton, Montana. 


From the U.S. Department of Health, Education, and Welfare, Public Health Service, 
National Institutes of Health, National Institutes of Allergy and Infectious Diseases, Rocky 
Mountain Laboratory, Hamilton, Montana. 


The Course and Prognosis of Histoplasmosis. 


Harry Rusin, m.p., Micnaer L. Furcotow, m.p., Kansas City, Kansas, J. Lewis Yares, 
mM.p. and CHarves A. Brasner, M.v., Mount Vernon, Missouri. 


From the Kansas City Field Station, Communicable Disease Center, Bureau of State 
Services, Public Health Service, U.S. Department of Health, Education, and Welfare. 
University of Kansas School of Medicine, Kansas City, Kansas, and the Missouri State 
Sanatorium, Mount Vernon, Missouri. 


Aspergillosis. A Review and Report of Twelve Cases. 


Sypney M. Fineco.p, m.p., Drake Witt, and Joun F. Murray, Los Angeles, 
California. 


From the Department of Medicine, Wadsworth Hospital, Veterans Administration Center, 
Los Angeles, and Department of Medicine and Pathology, University of California Medical 
Center, Los Angeles, California. 

The Use of Amphotericin B in the Treatment of Coccidioidal Disease. 
A. Winn, Springville, California. 
From the Department of Medicine, Tulare-Kings Counties Hospital, Springville, California. 


North American Blastomycosis. 
E. RicHarp and Artuur C. Curtis, m.p.. Ann Arbor, Michigan. 
From the Department of Dermatology, University of Michigan Medical Center, and the 


V.A. Hospital, Ann Arbor, Michigan. 
Cryptococcosis (Torulosis). Current Concepts and Therapy. 


M. L. Littman, m.v., New York, New York. 


From the Departments of Microbioloby and Medicine, the Mount Sinai Hospital, New 
York, N. Y. These studies were supported in part by research grants from the Squibb 
Institute for Medical Research and the National Science Foundation. 


Actinomycosis and Nocardiosis. A Review of Basic Differences in Therapy. 


W. Peasopy, Jr., m.v., Washington, D.C. and Joun H. Seanury, u.v., New 
Orleans, Loutsiana. 


(‘Fully illustrated—Many references included 
The Seminar on Mycotic Infections originally appeared in The American Journal 
of Medicine and is now available in bound library reference form at $3.00 per copy. 
THE AMERICAN JOURNAL OF MEDICINE 
11 East 36th Street ° New York 16, N. Y. 
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Singoserp: 


It spares them from the usual rauwolfia side effects 


FOR EXAMPLE: “A clinical study made of syrosingopine |Singoserp] therapy in 77 ambulant 
patients with essential hypertension demonstrated this agent to be effective in reducing 
hypertension, although the daily dosage required is higher than that of reserpine. Severe 
side-effects are infrequent, and this attribute of syrosingopine is its chief advantage over 
other Rauwolfia preparations. The drug appears useful in the management of patients with 
essential hypertension.”* 

*Herrmann, G. R., Vogeipohi, E. B., Hejtmancik, M. R., and Wright, J. C.: J.A.M.A. 169:1609 (April 4) 1959. 


(syrosingopine CIBA) 


First drug to try in new hypertensive patients 
First drug to add in hypertensive patients already on medication 
supeiico: Singoserp Tablets, 1 mg. (white, scored); bottles of 100. Samples available on request. 


Write to CIBA, Box 277, Summit, N. J. 
BAN 
8) 2007H0 Complete information available on request. 
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Lifts depression... 


Your patient responds within 
a few days. Thanks to your 
prompt treatment and the 
smooth action of Deprol, 
his depression is relieved 
and his anxiety calmed — 
often in two or three days. 
He eats properly, sleeps 
well, and his depression no 
longer complicates your 
basic regimen. 
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calms anxiety! 


For cardiovascular and G.I. patients — 
a smooth, balanced action that lifts depression 
as it calms anxiety...rapidly and safely 


Ralances the mood — no “seesaw” effect of 
amphetamine -barbiturates and energizsers. While 
amphetamines and energizers may stimulate the 
patient — thew offen aggravate anxiety and tension. 
And although amphetamine-barbiturate combina- 
tions may counteract excessive stimulation — they 
often deepen depression. 


In contrast to such “seesaw” effects, Deprol lifts 
depression as it calms anxiety—both at the same time. 


Acts swiftly — the patient often feels better, sleeps 
hetter, within two or three days. Unlike the delayed 
action of most other antidepressant drugs, which may 
tuke two to six weeks to bring results, Deprol relieves 
the patient quickly — often within two or three days. 


Acts safely—no danger of hypotension or liver 
damage. Deprol does not cause liver toxicity, hype- 
tension, tachycardia, jitteriness, vomiting, constipa- 
tion or psychotic reactions frequently reported with 
other antidepressant drugs. It can be safely admin- 
istered with basic therapy. 


PATENTS 
CUMULATIVE vermeare 
IMPROVEMENT | 
RATE 
45 


DEPROL « PLACEBO 


(C#OSS-OvE® TECHNIC)* 


PLACEBO 


SwifCHED TO 


MeCiure et (Am Pract. & Oigest Treat. 10 1525. Sept. 1959) 


Results of a controlled atudy of 128 patients 
conducted by General Practitioners. Internists, 
Castroenterologists, Urologists, Surgeons, Proc- 
telogist« and others in collaboration with 
Psychiatrists. 


BIBLIOGRAPHY (11 clinical studios, 744 patients): 


Usual etarting ie 1 tablet q.id. 
When necessary, thie may be gradually increased 
up to 3 tablets q.i.d. 

Composition: | me. benzilate 
hydrochloride (henactyzine HCl) and 

400 me. menprohamate. 

Supplied: Hottles of 50 light-pink, scored tablets. 
Write for literature and samples. 


Ww) WALLACE LABORATORIES / New Brunewick, N. J. 


¥. Alewerder, (35 Chemotherapy of deprenion — Use of 
LAMA. 1661019, March 1953. 2. Gareman, J. C. and 
Caritos, N patients) Meprobemete ard benactyiine hydrochior de 
(Oeeret) ediuretive for with edvenced concer. Anti- 
bere Med Clie 6 648. Now 1959 3. Bell, J. Tauber. 
Santy, A Pulite, (77? gatients) Treatment of depressive sfotes 
im office erection. Din. Nerw 20263. June 1959. 4. Breitner, C. 
On mental deoressions. Oise. Nerv. Svetem 20.142, (Section 
tor Submitted for 1960. 6 McClure, C. W., 
Seeere, GC. Palmer. Siettery, J. Konefol, S. 
Mestes, Weed. C. A. and Corevio, G. & (128 patients): Trear- 
ment of techeics Am. Pract. & Digest Tree. 
1.1925, Seer. 1959 F. Pennington, V. (135 patients): Meprobomote- 
(Deere!) Me treatment of chromic Brolin syndrome, schizo- 
and senility. Am Gerietrics Soc. 7 656, Aug. 1959. Rickels, 
Ewing, 195 Deore! in deoresive conditions. Dis 
New Sverem 64. (Section One). Avg. 1999. 9. Buchworger, A. (57 
Barents) Use of wilh Bbenactyzine hydro- 
the office treatment of deorenion. M Ann District of 
Colwntie 29.408. Aug 1999 16. Sorrel. E. (52 patients): Treatment of 
Me @ deriy @ Deractyz hydrochloride 
combination (Deere!) Antibietic Med & Clin. Therapy 7.28, Jan. 1960. 
Setirrer, (94 patients) The core of the and the depressed. 
ited fer cation, 1999. 
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Is pregnancy an 
in the development of gallstones ? 


‘at 


eA No definite relationship between pregnancy and the formation of gall- 


Ee stones was demonstrated in a recently concluded clinical study. Of 352 

tae asymptomatic pregnant women studied by interview, clinical history, 

one and cholecystography, only 11 (3.1 per cent) had gallstones. 

fr Age of patient 

10-19 

Bor (98 patients) 

: 20-29 9 with stones 


(210 patients) 


30-39 2 with stones 
| (41 patients) 


40-49 
th 
(3 patients) | 


No stones | Stones 


Source: Large, A. M.; Lofstrom, J. E., and Stevenson, C. S.: A.M.A. Arch. Surg. 78-966, 1959. 


When functional GI distress indicates medical management... 


DECHOLIN BELLADONNA 


(dehydrocholic acid with belladonna, AMES) 
provides true hydrocholeresis plus reliable spasmolysis 
In medical management, ...recommended for patients with a clinical history of 
biliary tract disease when gallbladder disease has not been confirmed. ° 
7 *Best, R. R.: Mod. Med. 25:264 (March 15) 1957. 


Available: DecHottn/ Belladonna tablets (dehydrocholic acid, AMES) 3% gr. (250 mg.) 
gt: and extract of belladonna % gr. (10 mg.). Bottles of 100 and 500. 


DECHOLIN®:.. hydrocholeresis AMES 


(dehydrocholic acid, AMES) + 
Canada 


Available: Decno.in tablets: (dehydrocholic acid, AMES) 
3% gr. (250 mg.). Bottles of 100, 500, and 1,000. 
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problem drinkers 


When tension and anxiety “drive him to drink,” the problem 


drinker often finds that VISTARIL, by maintaining tranquility, 
restores perspective and helps him accept counsel more readily. 
VISTARIL has demonstrated a wide margin of safety even in large 
hydroxyzine pamoate 


doses (300-400 mg. daily) over prolonged periods. Clinical stud- 
ies of alcoholism have shown that VISTARIL produces no signifi- 


dispels tension... cant depression of blood pressure, pulse rate, or respiration in 
maintains tranquility Capsules — 25, 50, and 100 mg. Parenteral Solution (as the HCl) — 
25 mg. per ce., 10 cc. vials and 2 cc, Steraject® Cartridges; 50 mg. 
per cc., 2 cc. ampules. 


Professional literature available on request from the Medical Department, 


Phizer Laboratories, Div. Chas, Pfizer Co., Ine. Brooklyn 6, New York Science for the world’s well-being 
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exclusive advantages 
im quinidine therapy 
control cardiac 
arrhythmias 


b.i.d. dosage 


ch dose of Quinaglute 
S.M. maintains uniform 


plasma levels up to 12 hours. 
No night dosage needed. : 
No valleys where arrhythmias 


tend to recur. 


An unexcelled quinidine Dosage: for conversion of auricular fibrillation to 
‘ : normal sinus rhythm, in most cases, 2 Quinaglute 
in premature contractions _ Dura-Tab S.M. tablets 3 to 4 times a day, for 2 to 


, : 3 days; longer periods are required in some patients 
auricular tachy cardia ... for maintenance 1 to 2 tablets every 10 to 12 


PDR 
1. Bellet, S.: Finkelstein, and Gilmore, 


flutter, fibrillation hours. Bottles of 30, 100 and 250. 


PAGE 893 AWA’ Archives int. Med. 100:750, 1957 


‘750, 1957. 
2. Bellet, S.: Amer. Heart J. 56:479, 1958. 


Conyales and complete literature available from WYNN PHAR MACAL COR PORATION 


5119 West Stiles Street, Philadelphia 31, Pa. 


Now also available... INJECTABLE QUINAGLUTE 


10 cc. Multiple Dose Vials, 0.08 Gm. Quinidine Gluconate per cc. 06 i 


4 
= 
y 
DURA-TAB S.M 
the only oral Sustained Medication’ Quinidine Gluconate (5 gr 
Wel 
we tolerate 
quinidine 
Oni 
prov Dur a-Tab § 
quinidine glucones -M. 
as Ten times aS so} tor 
WINnidine Sulfate uble 
b Yetter tolers 
y the 


e doctor's room in the hospital is used for a 
variety of reasons. Most any morning, you will 
find the internist talking with the surgeon, the resi- 
dent discussing a case with the gynecologist, or the 
pediatrician in for a cigarette. It's sort of a club, this 
room, and it’s a good place to get the low-down on 
“Premarin” therapy. 
If you listen, you'll learn not only that doctors like 
“Premarin,” but why they like it. 
The reasons are simple. Doctors like “Premarin,” 
in the first place, because it really relieves the 


Doctors, too, like “Premarin? 


symptoms of the menopause. It doesn’t just mask 
them — it replaces what the patient lacks — natural 
estrogen. Furthermore, if the patient is suffering 
from headache, insomnia, and arthritic-like symp- 
toms due to estrogen deficiency, “Premarin” takes 
care of that, too. 

“Premarin,” conjugated estrogens (equine), is avail- 
able as tablets and liquid, and also in combination 
with meprobamate or methyltestosterone. 


Ayerst Laboratories * New York 16, N. Y. 
Montreal, Canada 
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Back again 


with renewed joint pain 
and stiffness...discouraged, 
worried, dissatisfied. Her 
morale alone demands a 
new approach. But what? 


This time... 


predn solone-hydroxyzine HC 


IN RHEUMATOID ARTHRITIS 


Combines the established steroid, prednisolone (Sterane®) with tension- 
easing hydroxyzine HCI. When anxiety impedes clinical response, 
ATARAXOID offers superior control—often at lower steroid dosage in the 
case of certain rheumatic disorders—and without unexpected side eflects. 


also indicated in bronchial asthma and inflammatory/allergic dermatoses 


ATARAXOID provides 10 mg. hydroxyzine HCi with vari- 
ous potenc es of predn solone per tablet ATARAXOID 5.0 
scored, green taviets, 5 mg ATARAXOID 2.5 scored. bive 
tablets, 25mg ATARAXOID 1.0 scored, orch d tablets, 


Professional information Availabie on Request 


PFIZER LABORATORIES Div'sion, Chas. Pfizer & Co., Inc. Brooklyn 6, New York Pfizer Science for the world's well-being™ 
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asleep... 
not 


For a night of deep, refreshing sleep and a lively awakening... Noludar 300... one capsule at 
bedtime promises 6 to 8 hours of undisturbed sleep without risk of habituation, without 
barbiturate “hangover,” toxicity or even minor side effects. Try Noludar 300 for your next 
patient with a sleep problem. One capsule at bedtime. Chances are he’ll tell you 


“I slept like a log” 


OLUDAR 300 


rand of methyprylon 300-mg capsules 


at ROCHE LABORATORIES + Division of Hoffmann-La Roche Inc + Nutley 10, New Jersey 
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BAD DIGESTION 
SKEPTICISM, 
BREEDS FANCIES AND 


ONRAD 


When bad digestion is the consequence of digestive enzyme deficiency, Entozyme may dispel dreary 
symptoms such as pyrosis, flatulence, belching, and nausea, for it is a natural supplement to digestive 
enzymes. It provides components with digestive enzyme activity: Pepsin, N. F., 250 mg., Pancreatin, N. 
F., 300 mg., and Bile Salts, 150 mg. Because Entozyme is actually a tablet-within-a-tablet, these com- 
ponents are freed in the physiological areas where they occur naturally. Entozyme has proved useful in 
relieving many symptoms associated with cholecystitis, post-cholecystectomy syndrome, sub-total gas- 


trectomy, pancreatitis, infectious hepatitis, and a 
variety of metabolic diseases. 
A. H. ROBINS CO., INC. * RICHMOND 20, VA. 
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potentiated therapy for mild to moderate hypertension 


Consider the benefits of Singoserp-Esidrix if it’s mild to moderate hypertension (especially 
if edema is a complicating symptom). Singoserp, a man-made analog of reserpine, lowers blood 
pressure but seems to cause fewer side effects than natural rauwolfia compounds. 
When Singoserp is potentiated by Esidrix, blood pressure is lowered more effec- 
tively than with single-drug therapy. SUPPLIED IN TWO STRENGTHS: Singoserp- 
Esidrix Tablets #2 (each containing | mg. Singoserp and 25 mg. Esidrix) and 
Singoserp-Esidrix Tablets #7 (each containing 0.5 mg. Singoserp and 25 mg. 
Esidrix). Complete infor- 


mation available on request. Singoserp-Esidrix : 
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economy 
Ao adility 


clinically proved 


nicillin therapy 
at costs your 
patients 


“EES 
Squihh Quality —the 


Sauibb Penicillin G Potassium 
Available in these convenient dosage forms: Pentins ‘100’ Tartets (100.000 u.) Pextins ‘400° 
For Syrup (400,000 u. per 5 ce. when prepared) * Pentiws (200,000 u.) Pentivs ror 
Syrup (200,000 u. per 5 cc. when prepared) ¢ Pentip-Sutras Tarrets (200,000 u. with 0.5 Gm. 
triple sulfas) Pentins Capsuces (200,000 u.) Pentins Tasrets (200,000 u.) 


Priceless Ingredient 


Back Issues Wanted 


(MUST BE IN GOOD CONDITION) 


THE AMERICAN JOURNAL OF MEDICINE 


will pay $1.00 per copy for 
the following issues: 


May 1957 December 1957 
August 1957 May 1958 
November 1957 August 1958 


October 1958 


Send Postpaid to 


The American Journal of Medicine, Inc. 
11 East 36th Street, New York 16, N. Y. 
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MARGARINE 


a delicious 
Spread 


a superb 
shortening 


and the margarine clinically proved to 


lower cholesterol levels 
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MARGARINE 
substituted for ordinary 
Spreads and shortenings 


| lowers cholesterol levels 


Recent investigations demonstrate how effectively 
cholesterol levels can be significantly reduced by 
the simple substitution of Emdee Margarine for 
spreads and shortenings ordinarily used in the diet. 

Eighty per cent of Emdee Margarine’s fat con- 
tent is pure corn oil, whose natural content of 
polyunsaturated fatty acids has not been destroyed 
by hydrogenation.* Approximately 45°% of its fat 
content is linoleic acid, an important substance 
in the control of blood cholesterol levels. 

When a patient's intake of saturated fats should 
be reduced, he and his family will welcome Emdee 
Margarine. It restores natural flavor to a choles- 
terol-reducing diet and eliminates the chore of 
preparing special dishes for one member of the 
family. 

On bread, toast and crackers Emdee Margarine 
has the same taste as other fine spreads, and a 
firm, smooth texture. It brings back the familiar 
flavor to baked potatoes, vegetables and popcorn. 
It can be used for braising, baking, roasting and 
sautéing, and in white sauces and frostings. It has 
won praise from Home Economics experts, 
who found that Emdee Margarine is a high-quality 
shortening. 

Packaged in one-pound cans to protect its fresh 
taste and firm texture, Emdee Margarine is avail- 
able only in pharmacies. 


References: 1. Terman, L. A. : Dietary management of hypercholesterolemia, 
Geriatrics 14:11! (Feb.) 1959. 2. Boyer, P. A.; Lowe, J. T.; Gardier, R. W.. 
and Ralston, J. D.: A new dietary management of hypercholesterolemia, 
J.A.M.A., in press. 3. Vail, Gladys E.: Cooking with fats high in polyunsat- 
urated fatty acids, J. Am. Dietet. A. 35:119 (Feb.) 1959. 


Reprints of these articles on Emdee Margarine are 
available on request. 


PITMAN-MOORE COMPANY OF ALLIED LABORATORIES. INC. 


ANAPOUS 6, INDIANA 


*Special process protected by U.S. Patent No. 2,690,969 
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KEEPS 
THE STOMACH 
FREE PAIN 


KEEPS 
THE MIND OFF 
THE STOMACH 


Milpath acts quickly to suppress hypermotility, 
hypersecretion, pain and spasm, and to allay 
anxiety and tension with minimal side effects. 


Milpath-400 — Yellow, scored tablets of 
400 mg. Miltown (meprobamate) and 
25 mg. tridihexethyl chloride. Bottle of 50. 


AVAILABLE bosage: 1 tablet t.i.d. at mealtime and 
IN TWO 2 at bedtime. 


Milpath-200 — Yellow, coated tablets of 


POTENCIES: 200 mg. Miltown (meprobamate) and 
25 mg. tridihexethyi chloride. Bottle of 50. 


Dosage: 1 or 2 tablets t.i.d. at mealtime 
and 2 at bedtime. 


®Miltown + anticholinergic 


© 
WALLACE LABORATORIES New Brunswick, N. J. Wy) 
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to help control 


progressive disorders 


of aging... 


ELDEC 


mineral-vitamin-hormone supplement 


KAPSEALS” 


begins at 40 


Taken during the middle years, ELDEC 
Kapseals help forestall nutritional and hor- 
monal deficiencies that contribute to the 
troublesome disorders of aging. ELDEC 
Kapseals provide comprehensive physiologic 
supplementation...aid in maintaining meta- 
bolic efficiency. At a time when normal func- 
tion is declining, ELDEC Kapseals help lay a 
firm foundation for good health and vitality 
in the later years. 


PARKE, DAVIS & COMPANY 7 P) “ty 
Detroit 32, Michigan 
en” 


stall available! 


a limited number 


of copies of 


The § 


on 


Price $4.00 


This appeared in the 
December Issue 


of 


The American Journal of Medicine 
vast 


NEW york 16. N. yY. 
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Including articles on: 


Radiation as a Cancerogenic 
Agent 


The Virus Theory of Leukemia 


Nucleic Acid Metabolism and 
Mechanism of Drug Action 


Clinical Aspects and Types of 
Leukemia 


Bone Marrow Transplantation in 
Leukemia 


The Clinical Management of 
Leukemia 


Biochemical Changes in Leu- 
kemia 


Dynamics of the White Blood 
Cells in Leukemia 


Printing Limited 


The American Journal of Medicine 
Ll East 361n Street 
New York 16, N. Y. 
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for happy, 
healthy retirement years 


KAPSEALS- 


begins at 40 


Physiologic Prophylaxis 


¢ 10 important vitamins plus minerals to help 
maintain cellular function and correct 
deficiencies 

e protein improvement factors to help compen- 
sate for unwise choice of food 

¢ digestive enzymes to aid in offsetting decreased 
natural production 

¢ steroids to stimulate metabolism and prevent or 
help correct protein depletion states 
Packaging: ELDEC Kapseals are available in bottles of 100. 


PARKE, DAVIS & COMPANY 
Detroit 32, Michigan 
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GOOD SERVICE 
lasts long after the sale 


When you buy an electrocardiograph’, 
the manufacturer has two obligations to you: 


to provide the best possible instrument 
for your needs 

.and continuing service for as long as you 
own the instrument, 


As a Sanborn owner, you receive this continuing service in many forms, 
through nearby Branch Offices, Service Agencies and Resident Repre- 
sentatives in 46 cities: “emergency” calls when required, and prompt 
response to routine requests for supplies and accessories ... ECG Study 
Courses (by correspondence ); the bi-monthly Sanborn Technical Bulletin; 
comprehensive instrument Instruction Manuals... and a Question and 
Answer Service for any problems in the use of Sanborn instruments. 
When a good product is backed by equally good service, only then do 
you get your money’s worth,as a great many of the more than 30,000 
Sanborn owners will agree. 


*From Sanborn, you now have a choice of the 2-speed Model 100 Viso-Cardiette . . . its ne 
mobile counterpart the Model 100M “Mobile Viso” ... or the compact, fully portable ee 
18-pound Model 300 Visette. 


* 


SANBORN COMPANY 
Medical Division, 175 Wyman St., Waltham 54, Mass. 
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A new kind of 
preventive treatment 


ends the 


“ak: 


cycle in f 
respiratory allergies 
NORISODRINE Syrup 


calcu iodide 


Even patients with long-standing asthma get relief with this new mint-flavored syrup. 


Jn respiratory allergy, you've seen how cough-induced tension can affect frequency 
and severity of attacks. Clearly, if you can treat the patient's cough, you re treating 
his anxiety. It's this kind of therapy that's afforded by new Norisodrine Syrup.@om- 
bining a proven bronchodilator with a good mucus-thinning agent, Norisodrine Syrup 
acts to prevent bronchospasm before an attack (with its inevitable panic) can begin. 
And, without including often-undesired antihistaminics, Norisodrine Syrup provides 
long-term maintenance for bronchitic or allergic coughs. An added advantage is 
Norisodrine Syrup's pleasant taste. The delicate honey-mint flavor can mean a more 
coop: rative patient. Try new Norisodrine on your next respiratory allergy patient. 
See if the results aren't striking. 
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the corticosteroid that adapts 


effectively treats the primary disorder in steroid-responsive patients... helps to minimize or avoid 
certain unwanted corticosteroid effects inthe | ) OBESE 


CARDIAC 
HYPERTENSIVE 


EMOTIONALLY LABILE 


a iy 
Vis 
T 
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treatment the individual patient 


spot your steroid-responsive 
patient and the problem 


the obese arthritic: 


On Kenacort, the obese arthritic 
is likely to experience 2 basic 
therapeutic effects 


* alleviation of arthritic symptoms 


¢ welcome reduction or elimination 
of many undesirable steroid effects 


no salt or water retention 
absence of edema 

no voracious appetite 

no unnatural euphoria 

no secondary hypertension 
less chance of GJ. upset 


Kenacort highly rated: 


¢ least likely to produce sodium or 
fluid retention of all leading 
corticosteroids' ... preferable in 
patients with cardiac disease 

or other conditions presenting 
this problem* 


«“.. and because of appetite 
suppression properties, triamcinolone 
(Kenacort) may be helpful in the 
obese arthritic, and especially the 
obese arthritic with chronic heart 
disease or psoriasis” 


Squibd Triamcinocione 


While Kenacort is notable for its low incidence of collat- 
eral hormonal effects, it should, like all potent corticos- 
teroids, be administered to patients under careful clinical 
supervision. Detailed information available on request. 


Kenacort is available in 1 mg., 2 mg., and 4 mg. scored 
white tablets. 


References: 1. MeGavack, T Clin. Med. ¢:997 (June 1969). 2. Plots, C. 
Paper on administration of corticosteroids in rheumatoid arthritis, presented 
at the lith Annual Scientific Assembly of the New York Academy of General 
Practicen. New York City. (October 90, 1969). 5. Williams, G. T: Southern 
Med. J. $2: 267-273 (March 1959). 


SQUIBB 


Squibb Quality— 
the Priceless 
Ingredient 
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your postcoronary patients 


WITHOUT CLARIN, turbid blood serum five hours 
after a fat meal: This unretouched dark-field photo- 
micrograph (2500X) shows potentially hazardous fat 
concentrations circulating in the blood stream of a 
patient after a standard fat meal. 


CLARIN is sublingual heparin potassium. One 
mint-flavored tablet taken after each meal effec- 
tively “causes a marked clarification of post- 
prandial lipemic serum.” Clarin facilitates the 
normal physiologic breakdown of fats, with no 
effects on the blood-clotting mechanism.’ It 
therefore provides important benefits for your 
postcoronary patients. 


Indication: For the management of hyperlipemia asso- 
ciated with atherosclerosis. 


Dosage: After each meal, hold one tablet under the 
tongue until dissolved. 


Supplied: In bottles of 50 pink, sublingual tablets, each 
containing 1500 IL.U. heparin potassium. 


1. Fuller, H. L.: Angiology 9:311 (Oct.) 1958. 


2. Shaftel, H. E., and Selman, D.: Angiology /0:131 (June) 
1959. 


WITH CLARIN, clear blood serum five hours after a 
fat meal: After eating a standard fat meal as at left. 
the same patient has taken one sublingual Clarin 
tablet. Note marked clearing effect and reduction in 
massive fat concentrations in this unretouched photo- 
micrograph (2500X) 


0.5 


Heparin Seres @ 
0.4 P 


Control Series 


Optical Density 


0.2 


0.1 


0.0 
3Hrs. 4Hrs. SHrs. 6Hrs. 


Hours After Fat Meai 


Average serum optical density in 36 patients after fat 
meal with and without sublingual heparin.’ 


Fasting 1 Hr. 
Level 


*Registered trade mark. Patent applied for. 


Shes Leeming Ge, Suc New York 17, N.Y. 
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CoObedr 


Obedrin and the 60-10-70 Basic 
vide the three essentials of weight 


maintain optimum weight 


LOST & FOUND 
OTHER LOST FOUND—PAGE 1 
LOST. lady's 
r Center 90 
JAN. 4/6/88." & C 
ut ots... on ‘icf. L al rewerd. 
30th. Vic air herd 
monde. liberal reward. Coll collect 
biue Terrier. No 
lef? ear down. le rew. o 
4 « 
LOST: 9,060 teas of human fat, 
by patients wheee decters pre- 
scribed Obedria. 
in 
WN 
== case cont 
sted etc, vic 15th 
3. 
th 7- 
* 
Plan . 
Supervision by A belaenced Supportive 
the physicien eating plan medication 


A FLEXIBLE DOSAGE FORM PROVIDES DEPENDABLE CONTROL OF APPETITE 


' he Obedrin formula permits a flexible 
dosage schedule to depress the appetite at 
peak hunger periods. The physician can 
adjust dosage to fit each patient’s need. 


Write for 60-10-70 
menus, weight charts, 
and Obedrin samples. 
Used with the 60-10- 
70 Basic Plan, Obedrin 
offers an ideal weight- 
control regimen forthe 
overweight patient. 


©@ and the 60-10-70 Basic Plan 


Bristol, Tennessee - New York + Kansas City - San Francisco THE 4 E. IVI ASSENGILL COMPANY 
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Tofranil 


depression 


brand of imipramine HCl 

In the treatment of depression li ghts the road to recovery 
Tofranil has established the a 

remarkable record of producing in 80 per cent of cases 


remission of improvement in 
approximately 80 per cent 
of cases.'~’ 


Tofranil is well tolerated in usage— 
is adaptable to cither office or 
hospital practice—is administrable 
by either oral or intramuscular 
routes. 


Tofranil 
a potent thymoleptic... 
not a MAO inhibitor. 


Does act effectively in al! types of 
depression regardless of severity 
or chronicity. 


Does not inhibit monoamine 
oxidase in brain or liver; produce 
CNS stimulation; or potentiate other 
drugs such as barbiturates and 
alcohol. 


Detailed Literature Available 
on Request. 


Tofrini!® (brand of imipramine HC1), tablets of 
24 me., bottles of 100. Ampuls for intramuscular 
administration only, each contaimmng 25 mg. in 

2 cc. of solution, cartons of 10 and 50. 


References: 1. Ayd, F J.. Je.: Bull. School Med. 
Univ. Maryland 44:29. 1959. 2 Azima, H., 
and Vispo, R. H.: A. M.A. Arch. Neurol. & 
Psyc hrat. 1999. 3. Lehmann, H. E. 
Cahn, C. and de Verteul, R. L. Canad. 
Psychiat. A 4:155, 1958. 4. Mann, A. M.., 
and MacPherson, A. S.: Canad. Psychiat. A. J. 
4:38, 1959. $. Sloane, R. B.; Habib, A., and 
Batt, U. E.: Canad. M.A A.J. 80: 540, 1959. 

6. Straker, M.: Canad. A. J. 80:546, 1999. 
7. Strauss, H.: New York j. Med. 59:2906, 1959. 
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sa proven drug— 
supported by extensive clinical ex- 
perience during the last ten years 


s selective physiologic 
action — 

unlike most nitrites, dilates coro- 
nary vessels principally, with mini- 
mal peripheral effects. so that 
coronary blood flow is. increased 
with no significant change in blood 
pressure or pulse rate 


s exceptionally safe — 

sale for prolonged use—essentially 
free from side effects—tolerance has 
not been reported—no hypotension, 
orthostatic or otherwise. has oc- 
curred —so saje, ut is used routinely 
even ajter a coronary 


es effective in mildest to 
sererest angina pectoris — 
4 out of 5 patients experience re- 
duced frequency and severity of 
anginal attacks, increased exercise 
tolerance, lowered nitroglycerin de- 


pendence, improved ECG findings 


idealin postcoronary 
convalescence — 


helps establish and sustain collat- 
eral circulation to reduce the extent 
of myocardial damage, to encour- 
age natural healing and repair. to 
minimize ensuing anginal attacks 


adaptable prophylaxis — 
available in several formulations to 
meet the individual requirements 
of patients with coronary artery 
disease: Peritrate 20 mg. for basic 
prophylaxis, Peritrate with Pheno- 
barbital for the apprehensive pa- 
tient. Peritrate Sustained Action for 
convenient 24-hour protection with 
just 2 tablets daily. 


MORRIS PLAINS, 
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first of a new class of therapeutic agents 
for superior, safer, faster control 
of common emotional disturbances 


in a class by itself—chemically 


Not a manipulated molecule, the structure of this 
compound resembles that of no other drug. Librium is a 
product of truly original Roche research. 


in a class by itself—pharmacologically 


Librium exhibits an unprecedented “taming” action in 

animals. It is the first compound in which the specific 
antiaggressive component is separated from a generalized 
depressant effect on locomotor activity and reflex 

patterns. While Librium has tranquilizing properties 
comparable with those of chlorpromazine and reserpine, it lacks 
the autonomic blocking effects of these compounds and 

does not produce extrapyramidal side effects. 

Librium has none of the hypnotic effects of the barbiturates. 


in a class by itseif—clinically 


The therapeutic range of Librium “envelops and extends well 
beyond that of meprobamate and into certain indications for 

which the phenothiazines are prescribed.”' More than replacement 
therapy, Librium is quantitatively and qualitatively superior 
to“tranquilizers” and “equanimity-producing drugs.” 

Librium is distinguished by an unusually rapid onset of 

action and a high degree of safety. 


Published reports on Librium: 1. G. A. Constant, Dis. Nerv. Syaetem, 
21:(Suppl.), 37, 1960. 2. T. H. Harris, ibid., p. 3. 3. L. O. Randall, ibid., p. 7. 
4. H. A. Bowes, ibid., p. 20. 5. J. M. Tobin, I. F. Bird and D. E. Boyle, 

ibid., p. 11. 6. J. Kinross-Wright, 1. M. Cohen and J. A. Knight, ibid., p. 23. 
7. H. H. Farb, ibid., p. 27. 8. C. Breitner, ibid., p. 31. 

9. I. M. Cohen, ibid., p. 35. 10. L. J. Thomas, ibid., p. 40. 

11. R. C. V. Robinson, ibid., p. 43. 12. S. C. Kaim and I. N. Rosenstein, 

ibid., p. 46. 13. H. E. Ticktin and J. D. Schultz, ibid., p. 49. 

14. J. N. Sussex, ibid., p. 53. 15. I. N. Rosenstein, ibid., p. 57. 

16. 1. N. Rosenstein and C. Silverblatt, to be published. 


NEW 


LIBRIUM’ Hydrochloride — 
re 4-carde Mydrochiornde 


LABORATORIES 
Division of Hoffmann-La Roche Ine. 
Nutley 10, N.J. 


to free the patient 


from anxiety and tension, 

whether presenting symptomatology 
or associated with 

organic or functional! disorders. 


to free the therapy 


from the drawbacks of 
previous agents. 


to free the physician 


from the frustrations of prolonged, 
inconclusive treatment and 

to render the patient 

more amenable to therapy. 


uses of Librium 

in the office patient, troubled by 
anxiety and tension, and 

by the irritability, fatigue and 
nervous insomnia associated 
with tension states 


in the office patient, where you 
suspect anxiety and tension as 
contributing or causative factors of 
organic or functional disorders 


in more severely disturbed patients, 
including cases of agitated and 
reactive depression, fears, phobias, 
obsessions and compulsions 


Supplied: 10-mg, green-and-black capsules. 
Bottles of 50 and 500. 

For complete information regarding 
dosage and precautions, please 

consult product literature. 
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The test—you might say the acid test—of an anticholinergic is simple: will 
it protect your patient from hyperacidity around the clock, even while he 
sieeps. The weakness of t.i.d. or q.i.d. preparations is well recognized; but 
even some “b.i.d."" encapsulations may be unreliable. McHardy, for instance, 
found a “widely variable duration of action, definitely less than that an- 
ticipated” in the “sustained,” “delayed,” and “gradual release” anticholiner- 
gics he studied.’ 

COMPARE THE DATA ON ENARAX... the new combination of an inherently 
long-acting anticholinergic (oxyphencyclimine) and Atarax, the non-secretory 
tranquilizer. Note the effectiveness of oxyphencyclimine: 


OBSERVE THE OXYPHENCYCLIMINE REPORTS... 

McHardy: “(Oxyphencyclimine] has proved to be an excellent sustained- 
action anticholinergic in our study of this agent over a period of 
eighteen months.” 

Kemp: “...for the majority of patients, one tablet every 12 hours pro- 
vided adequate control. This characteristic long action...may 
constitute an advantage of this drug as compared to coated 
‘long-acting’ preparations of other compounds.” 


Add Atarax to this 12-hour anticholinergic. The resulting combination — 
ENARAX — now gives relief from emotional stress, in addition to a reduction 
of spasm and acid. Atarax does not stimulate gastric secretion. No serious 
adverse Clinical reaction has ever been documented with Atarax. 


LOOK AT THE RESULTS WITH ENARAX**: 


Does the medication you now prescribe assure you of all these benefits? 
if not, why not put your next patient with peptic ulcer or G.I. dysfunction 
on therapy that does. 


(oxyphencyclimine plus ATARAX®) A SENTRY FOR THE G.I. TRACT 
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PROVIDE CONTINUOUS CONTROL OF ACID SECRETION 


“Proienged periods of achierhydria” after 10 mg. exyphencyciimine 12 
WEAN GRAPH OF GASTE® PATIENTS 
COMPLETE THERAPEUTIC MEGWEN 24 STUOY 
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Clinical Diagnosis: Peptic Ulcer — Gastritis — Gastro- 
enteritis — Colitis — Functional Bowel Syndrome — Duo- 
denitis—Hiatus Hernia (symptomatic)—Irritable Bowel 
Syndrome —Pylorospasm—Cardiospasm—Biliary Tract 
Dysfunctions —and Dysmenorrhea. 

Clinical Results: Effective in over 92% of cases. 


As for Safety: “Side a were uncommon, usu- 
ally no more than dryness of the mouth... ."* 


Each ENARAX tablet contains: 


Hydroxyzine (ATARAX) . TT TTT 
Dosage: One-half to one tablet twice daily —preferab 

the morning and before retiring. The maintenance 
should be ad/usted according therapeutic response. 
Use with cattion in patients with prostatic hypertrophy 
and with ophthalmological supervision only in glaucoma. 


Supplied: in botties of 60 biack-and-white scored tabiets. 


References: 1. McHardy, G., et al.: J. Louisiana M. Soc. 
111:290 (Aug.) 1959. 2. Stei, F.: Study 
at Cook County Hospital, wy in 


Kemp, J. A: Antibiotic Med. & 
1959. 4. Lemi B. H., 6: 
5. Dota in Roeng Medical Department 
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Division, Chas. Pfizer & Co., Inc. 
Science for the World's Well-Being 


TRAL 75 mg. 
GRADUMET 


NEW “AUTOMATIC” 
CONTROL OF 
NIGHTTIME 
GASTRIC SECRETION 
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Gradumet 


Built-in timing actually 
steps up drug release dur- 
ing critical 2-4 a.m. period 


Nighttime gastric secretion hits its peak 
between 2 and 4 a.m. And that’s just 
when Tral 75 mg. Gradumet, taken at 
bedtime, is releasing most of its anti- 
cholinergic. The patient gets most of 
the medication when he needs it most 

. in the middle of the night. ¢ There- 
after, Tral 75 mg. Gradumet keeps right 
on working until the patient wakens 
the next morning, after a refreshing 
sleep. And since acidity is controlled 
the night through, the ulcer has a better 
chance to heal. ¢ Gradumet’s built-in 
timing is dependable, too... never 
affected by coating thick- 
ness, pH or other variables. 


e In bottles of 50 and 500. 


...and when the problem 

is functional bowel disor- 

der specify new Filmtab 


TRALCYON- 


each Filmtab offers 25 mg. 
Tral plus 300 mg.ectylurea 


Teal Vethvisulfate om Long Release 
Dose Form*, Abbott. "Patent applied tee 
tablets, Abbett. 
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SPRAIN, 
STRAIN, 
LOW 
BAGK PAIN 


can resist the rapid 
relaxant relief of 


™ RELA—SCHERING’S MYOGESIC* 
= 


RELAXES MUSCLE TENSION 
CARISOPRODOL 


FOR MORE ADEPT MANAGEMENTS 
OF BOTH SPASM AND ITS PAIN 


Rela is most useful in the areas where narcotic analgesics are unwarranted 
and where salicylates are inadequate. Its muscle-relaxant properties are 
dependable yet significantly free of the limitations or problems often asso- 
ciated with other relaxants. 


MYOGESIC: MUSCLE 
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Rela relaxes acute muscle spasm 


Relief of muscle spasm 
(excellent to good effectiveness 
in the majority of patients).' 


Rela provides persistent 

pain relief through its relaxant 
and analgesic actions 

“Relief from pain was usually 


Rela provides comfort 
free of spasm and pain 
“A number of patients 
reported freedom from insomnia 
which they attributed to 
freedom from pain.” 


1. Kuge, T.: To be published. 


rapid and sometimes dramatic.””' 
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MULTI-FACETED CONTROL IN 


PARKINSONISM 


REQUIRES 


Lessens rigidity 
and tremor 


Energizes against 
fatigue, adynamia 
and akinesia 


An effective Counteract: 


euphoriant | Culo 


Thoroughly compatible 
with other antiparkin- 
sonism medications 


Well tolerated 
presence of glaucoma 


Dosage: Usually 1 tablet (50 mg.) t.i.d. 4 Minimal side reactions 
When used in combination, dosage 
should be correspondingly reduced. a Nonsoporific 
a No known organic 
contraindications 
Bibliography and file card available on request. 


Pharmaca Patent. 
Other Patents Pern : 


Trademark of Stheenmn, 


| 
| 
A 
> 
| | 


solution to 


ologic office problem” 


BY TRICHOMONAS VAGINALIS, CANDIDA 
Seeatus vaginalis, or other bacteria, is still the 
Becologic office problem . . . cases of chronic or 
bn are often extremely difficult to cure.” Among 75 
Bn vulvovaginitis caused by one or more of these 
S TRICOFURON IMPROVED cleared symptoms in 70; vir- 
Bwere severe, chronic infections which had persisted 
Bevious therapy with other agents. “Permanent cure by 
Meatory and clinical criteria was achieved in 56. . . . ” 
77: 185, 1959 


COFURON 


Improved 


itching, burning, malodor and leukorrhea 
monas vaginalis, Candida (Monilia) albicans, 
nalis s Achieves clinical and cultural cures 
Nonirritating and esthetically pleasing 


mating relief: 

gor weekly insufflation in your office. MicoruR®, 
Brozime, 0.5% and Furoxone®, brand of furazoli- 
Him an acidic water-dispersible base. 

fomtzs for continued home use each morning and 
Mt menstrual days. MicoFur 0.375% and FUROXONE 


| ‘que class of antimicrobial 
RBORATORIES, NORWICH, NEW YORK 
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CREMOMY CIN. 


SUCCIMTLSULF AT MIAZOLE— 
MEOMYCIN SUSPENSION 
PECTIN ond KAOLIN 
CAUTION Federal Wwe 
ethos! 


Merck Sharp & Dohme 
of Merch Co fat 


Cremomycin, provides rapid relief of virtually all diarrheas 


a NEOMYCIN —rapidly bactericidal against most intestinal pathogens, but relatively 
te ineffective against certain diarrnea-causing organisms. 

» SULFASUXIDINEg (succinylsulfathiazole) —an ideal adjunct to neomycin because 
it is highly effective against Clostridia and certain other neomycin-resistant 
organisms. 


KAOLIN AND PECTIN—Coat and soothe the inflamed mucosa, adsorb toxins, help 
reduce intestinal hypermotility, help provide rapid symptomatic relief. 


For additional information, write Professional Services, Merck Sharp & Dohme, West Point, Pa. 


GoD MERCK SHARP & DOHME, DIVISION OF MERCK & CO., Ivc., PHILADELPHIA 1, PA. 


CRE MOMYCIN AND TULFAS URIDINE MARES OF 4 CO., NG, 
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BE, LLLR GAL effectively relieves distress of 


SPACETABS hot flashes . sweating - headache 
. excessive fatigability 
irritability palpitation - insomnia 


“A double blind study shows that the integrative action of... Bellergal Spacetabs is well 
suited for the symptomatic treatment of patients with vasomotor symptoms. Excellent to good 
results were achieved in 78 per cent of all complaints in all ambulatory patients treated 
with Bellergal Spacetabs ... Symptoms of autonomic instability in patients with psychosomatic 
disorders alone, in those in the menopause, or in those in whom it was concomitant with organic 
disease were well controlled.” Bernstein, A. and Simon, F.: Angiology 9 :197, August 1958. 


BELLERGAL SPACETABS — Bellafoline 0.2 mg., ergotamine tartrate 0.6 mg., phenobarbital 40.0 mg. 
Dosage: | in the morning, and 1 in the evening. 

BELLERGAL TABLETS — Bellafoline 0.1 mg., ergotamine tartrate 0.3 mg., phenobarbital 20.0 mg. 
Dosage : 3 to 4 daily. In more resistant cases, dosage begins with 6 tablets daily and is slowly reduced. SANDOZ 
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“RISTOCETIN IS AN EFFECTIVE PRIMARY AGENT IN STAPHYLOCOCCAL INFECTIONS'” 


(Ruistocetin, 


CONCLUSIONS—"' Ristocetin is an effective 
primary agent in staphylococcal infec- 
tions, as well as in short-term therapy of 
enterococeal endocarditis. It is adminis- 
tered intravenously; intermittent, rapid 
infusion is recommended. Ristocetin is 
hactericidal in concentrations attained by 


this technique... 


Abbott) 


The hematological and other side 
effects such as phlebitis, skin eruptions, 
and fever are infrequent with the recom- 
mended dosage schedules and mode of 
administration. The dosage of ristocetin 


is reduced in renal insufficiency 


since the antibiotic tends to 


accumulate.” 


INDICATIONS: Against staph-, strep-, pncumo- and enterococeal infections. A drug of choice for serious infections caused by 
organisms that resist other antibiotics. DOSAGE: Administered intravenously. A dosage of 25 mg./WKg. daily will usually be 
adequate for strep-, pneumo- and enterococeal infections. Most staphylococcal infections will be controlled by 23 to 
50 mg./ikg. daily. SUPPLIED: In vials containing a sterile, lyophilized powder, representing 500 mg. of ristocetin A activity. 


1. Romansky. M. J.. Ristocetin, Antibiotics Monographs, No. 12, New York, Medieal Eneyctopedia Ine., 1050 
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REFLECTION ON CORTICOTHERAPY: 


Particularly in corticotherapy, the intent 


is not to treat diseases, but to treat patients. 


This intent 1s best served by using the steroid 
that has the best ratio of desired effects to 


undesired effects: M | | 
the corticosteroid that hits the disease, but spares the patient C [ O 

Upjohn THE UPJOHN COMPANY 


KALAMAZOO. M'CHIGAN THAOE MAGE, U. S. PAT. OFF. ~ METHYLPREONISOLONE, 
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tablets deanol acetamidobenzoate 
Improves night-time restoration and day-time performance 


® Gradually prepares patient to awaken better rested and 
more alert 
... permits sounder sleep 
... lessens sleep requirements 


* Increases daytime energy 


Counteracts mild depression 
...acts to stabilize emotionally disturbed patients with 


or without concomitant disease 


® Useful in treating children with learning defects and behavior 
problems...lengthens attention span 


® Unlike monoamine inhibitors. It is not necessary to monitor 
Deaner’s administration with repeated laboratory 
tests ...Deaner may be given with safety to patients with 
previous or current liver disease, kidney disease or 
infectious diseases. 


*Deaner’ is supplied in scored tableta containing 25 me. of 
2-dimethylaminoethanol as the p-acetamuiol ack salt, 


Mild Depression 


chronic fatigue and many other emotional and behavioral problems Rik, 
/ 
Colifernie 


Literature, file card and bibliography on request 
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Just a “simple” 
case of cystitis 
May be the 
precursor of 


pyelonephritis - 


Or may actually be 
the first evidence 
of a pre-existing 
pyelonephritic 
process. 


WHEN TREATING CYSTITIS 


to ensure rapid control of infection 
throughout the urogenital system 
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Why many 


hypertensive patients 
prefer 


1° {> 
I BA 


spares them the 
usual side effects 


FOR EXAMPLE: “A clinical study made of syrosingopine [Singoserp] therapy in 77 ambulant 
patients with essential hypertension demonstrated this agent to be effective in reducing hypertension, 
although the daily dosage required is higher than that of reserpine. Severe side-effects are infrequent, 
and this attribute of syrosingopine ts its chief advantage over other Rauwolfia preparations. The 
drug appears useful in the management of patients with essential hypertension.””? 


Almost all side effects relieved when Singoserp was 
substituted for other rauwolfia derivatives in 24 patients’ 


Inc dence 
Side Effects with Prior Relieved by Not 
Rauwolfia Agent Singoserp Relieved* 
Depress:on 1 1 
Lethargy or fatigue § 5 0 
Nasa! congestion 7 7 
Gastro ntest na! 2 2 
sturbances 
Conjunctivitis 1 i 


"Two of the 24 patents had two troublesome side effects 


(syrosingopine CIBA) 
First drug to try in new hypertensive patients 


First drug to add in hypertensive patients already on medication 
Supplied: Singoserp Tablets, | mg. (white, scored); bottles of 100. 


Complete information avatlable on request. 


|. Herrmann, G. R., Vogelpohi, E. B.. Hejtmancik. M. R.. and Wright, J. Cx JAMA. 1691609 (April 4) 1959. 
2. Bartels, C. C.: N. BE. J. Med. 26/:785 (Oct. 15) 1959. 
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RAPID SCREENING TEST FOR 


HYPOFIBRINOGENEMIA 


PATIENT. 


TesrT 


Test results at patient’s bedside — from Supplied in compact ready-to-use kits 
skin puncture to reading ~in less than containing complete materials for 
2 minutes. Only one drop of blood 6 determinations. 

required. Test performed by simple, rapid- 
slide technic. 

FI-TEST indicates whether 
content is above or below 100 mg-%, the 
concentration considered critical. Easy-to- 
read results indicate promptly whether 
or not replacement fibrinogen is needed. 
(If reading shows a normal Sbrinogen 
level, needless replacement therapy may 
be avoided and the 
to seek another explanation for continued 
bleeding. ) 


* TRADEMARK OF HYLANO LABORATORIES 
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HYLAND LABORATORIES Los Ance.es 39, Catir.. USA. 
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AME 


treats more patients more attactivaly._ 


* * 2 * 
- 


Of 45 arthritic patients GQdd0000000000 
who were refractory : 
to other corticosteroids* 


22 were successfully 
treated with Decadron” 


1. Boland, E. W., and Headley, N. E.: Paper read before the 
Am. Rheum. Assoc., San Francisco, Calif.. June 21, 1958. 

2. Bunim, J., et al.: Paper read before the Am. Rheum. Assoc.. 
San Francisco, Calif., June 21, 1958. 


*Cortisone, prednisone and prednisolone. 
DECADRON is a trademark of Merck & Co.. Inc. 
Additional information on DECADRON is available to physicians on request. 


o= Sharp & Dohme 


DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 
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nce 
ach 


eek 


for + positive anabolic gains 
-+- marked sense of well-being 
e.. -+- direct control of your patient 


-++- greater economy 


One injection of Dur aso each week often induces a marked sense of well-being 
in the asthenic, undernourished, or “run-down” patient. Outlook and appetite 
improve. Sustained, positive nitrogen balance is established. Solid muscular ts- 
sue develops. Weight 1s gained without edema. The safest and most potent tissue- 
building agent, DURABOLIN ts also the easiest to use and most economical. The 
physician injects it cach week. There can be no unfilled prescription, no forgotten 
dose. Progress is observed directly. Adults: 25 mg. (1 cc.) 1.m. weekly, or S0 mg. 
(2cc.) every second week. Children: half adult dosage. ORGANON INC., Orange, N.J. 


l-cc. ampuls 


5-cc. vials 


bolin 


Nandrolone phenpropionate injection, ORGANON 


Dur 


new, long-acting anabolic stimulant 
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How to win 
little friends 

and influence 
recovery 


Tastefully tailored to the antibiotic needs of 
pediatric patients 


oxytetracycline with glucosamine 


Delicious in taste: the appealing flavor of sweet, fresh fruit 
Decisive in action; the well-tolerated broad-spectrum efficacy 
of Terramycin” with glucosamine 

Preconstituted for uniform potency, efficacy, and taste-appeal 
from the first dese to the last. 

Cosa-Terrabon Oral Suspension — 125 mg. oxytetracycline/5 cc., 
2 oz. and 1 pint bottles 


Cosa-Terrabon Pediatric Drops — 100 mg. oxytetracycline/1 cc., 
10 ec. bottle with plastic calibrated dropper *Trademark 


Pfizer Laboratories, Div., Chas. Pfizer & Co., Inc., Brooklyn 6, N. Y. Pfizer Science for the world’s well-being™ 
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Mother: shopping 
Father: busy 


Temper: mild 
Uicer: calm 


His ulcer should he protesting he re- 
mains calm. His physician has prescribed 
AtupROX SA because he knows 


« calms emotional distress « promotes healing 
e reduces acid secretion e relieves pain e inhibits 


gastric motility 


ALUDROX 


Suspension and Tabiets: Aluminum Hydroxide 
Gei with Magnesium Hydroxide, Ambutonium 
Bromide and Butabarbital, Wyeth A Century of 


Wyeth Laboratories Philadelphia 1, Pa. Service to Medicine 
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arthritis 
and allied disorders 


Ten years of experience in countless 
cases—more than 1700 published 
reports—have now established the 
eminence of Butazolidin among the 
potent non-hormonal 

antiarthritic agents. 


Repeatedly it has been demonstrated 
that Butazolidin: 

Within 24 to 72 hours produces 
striking relief of pain. 

Within 5 to 10 days affords a 
marked improvement in mobility 
and a significant subsidence of 
inflammation with reduction of 
swelling and absorption of effusion. 


Even when administered over 
months or years Butazolidin does 
not provoke tolerance nor produce 
signs of hormonal imbalance. 


Butazolidin ® (brand of phenylbutazone); 

Red-<oated tablets of 100 mg. 

Butazolidin ® Alka: Capsules containing 
azolidin ® 100 mg... dred aluminum 

hydroxide gel 100 mg. magnesium trisilicate 

150 mg. homatropine methylbromide 1.25 me. 


Geny, Ardsley, New York Geny 
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the 

margin 

ot 
difference 
in 
respiratory 
tract 
infections 


COSA-TERRAMYCIN 


oxytetracycline with glucosamine 


CAPSULES 


The greater effectiveness, proven 
safety and outstanding toleration 
of Terramycin provide a margin 

of difference for swift response and 
uncomplicated recovery. 


This margin is further extended by 
convenient, economical, ready-to-use 
Terramycin Intramuscular Solution followed 
by oral Cosa-Terramycin—the compatible, 
coordinated course of broad-spectrum 
therapy worthy of consideration for your 
next patient with a respiratory infection. 


Gz> Science for the world’s well-being 


Pfizer Laboratories, Div., Chas. Pfizer & Co., Inc. 


Brooklyn 6, N. Y. 


Supply: Cosa-Terramycin Capsules ——250 mg. and 125 
me. New Cosa-Terrabon® Oral Suspension—125 mg./ 
5 ec, (tesp.), preconstituted, fruit flavored, bottles of 2 
oz. and 1 pint. New Cosa-Terrabon Pediatric Drops-— 
100 mg./ec. (5 mg./drop), preconstituted, fruit fla- 
vored, 10 cc. bottle with calibrated plastic dropper. 
Terramycin Intramuscular Solutiont—ampules of 100 
mg./2 ec, and 250 mg./2 ce. 


Terramycin is also available in a variety of topical and 
local forms to meet specific therapeutic requirements, 


*Trademar 


tContains 2% Xylocaine® (lidocaine), registered trademark 
Astra Products, inc. 
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THE CREST 
OF LEADERSHIP 


Mepicat journats are the first working tool of 
the researcher and trail-blazer in effecting new 
technics and therapy. The accomplishments of 
the earlier workers are perpetuated in the 
printed records of the past and present and 
serve as a basis for future developments. 


YORKE PUBLICATIONS by its planned seminars and 
symposia enrich the knowledge and enlarge the 
field of effectiveness of the American physician 
in guarding the health of our country’s popula- 
tion. Exhaustive studies on vital and pertinent 
subjects are prepared by eminent leaders and 
are recorded as soon as possible in the pages of 
the respective YORKE JOURNALS. 


Recognizing the prestige and loyal readership 
enjoved by the Yorke puBLicaTions, leaders in 
the pharmaceutical industry use these journals 
for carrying their advertising messages to the 
moulders of opinion and action. 


YORKE PUBLISHING CO. 
NEW YORK, N.Y. 


THE AMERICAN JOURNAL OF SURGERY 
THE AMERICAN JOURNAL OF MEDICINE 
THE AMERICAN JOURNAL OF CLINICAL NUTRITION 
THE AMERICAN JOURNAL OF CARDIOLOGY 
MODERN DRUGS 
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what lurks beyond the broad spectrum? 


Broad spectrum antibiotics provide the best means 
of combating pathogenic organisms which range all 
the way from large protozoa through gram-negative 
and gram-positive bacteria to certain viruses at the 
far end of the spectrum. 

But beyond the spectrum lurk pathogenic fungi. It 
is increasingly apparent that fungal superinfections 
may occur during or after a course of broad spec- 
trum antibiotics.’ Long term debilitating diseases, 
diabetes, pregnancy, corticosteroid therapy, high or 
prolonged antibiotic dosage, and other causes may 
predispose to fungal superinfections.'*4 
Mysteclin-V controls infection and prevents super- 
infection. It makes a telling assault on bacterial 
infections and, in addition, prevents monilial over- 
growth.“ Mysteclin-V is a combination of tetra- 
cycline phosphate complex for reliable control of 
most infections encountered in daily practice, and 
Mycostatin, the safe antifungal antibiotic. When you 
prescribe Mysteclin-V, you provide “broad spectrum 
therapy” plus extra protection that extends beyond 
the spectrum of ordinary antibiotics. 


“SUMYCIN’R, AND “FUNGIZONE’E ARE SQUIBB TRADEMARKS, 


In pediatrics: Mysteclin-F for Aqueous Drops and 
Mysteclin-F for Syrup are phosphate-potentiated 
tetracycline combined with the new antifungal anti- 
biotic, Fungizone (amphotericin B). They provide 
good-tasting, fruit-flavored aqueous liquids for your 
pediatric patients. 
Supplied: Mysteclin-V Capsules (250 mg./250,000 u.); Half- 
strength Capsules (125 mg./125,000 u.); Mysteclin-F for 
Syrup (125 mg./25 mg. per 5 cc.); for Aqueous Drops (100 
mg./20 mg. per cc.) 
References: 1. Dowling, H. F.: Poeterad. Med. 22:594 (June) 1958. 2. 
Gimble, A. 1; Shea, J. G., and Katz, S.: Antibiotics Annual 1955-1956 
New York, Medical Encyclopedia Inc., 1956, p. 676. 3. Long, P. H., in 
Kneeland, Y., Jr., and Wortis, S. B.: Bull. New York Acad. Med. #27:552 
(Aug.) 1957. 4. Rein, C. R.; —— L. A., and Dick, L. A.: Antibiotic Med. 
& Clin. Ther. 4:771 (Dee.) 1967. 5. Stone, M. L., and Mersheimer, W. L.: 
Antibiotics Annual 1955-1956, Mew York, Medical Encyclopedia Inc., 19546, 
p. 862. 6. Campbell, E. A.; Prigot, A., and Dorsey, G. M.: Antibiotic Med. 
& Clin. Ther. 4:817 (Dee.) 1957. 7. Chamberlain, C.; Burros, H. M., and 
Borromeo, V.: Antibiotic Med. @ Clin. Ther. 5:521 (Aug.) 1958. & From, 
P., and Alli, J. H.: Antibiotic Med. @ Clin. Ther. 5:639 (Nov.) 1968. 


Mysteclin-V 


Tetracycline Phosphate Compiles (Sumycin) and Ny. tatin (Mycostatn) 


Squiss Priceless Ingredient 
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COUMADIN BIBLIOGRAPHY 
Published studies on anticoagulant therapy with COUMADIN 


| Friedman B The use of anticoagulants in the treatment of coronary ond 
cerebral vascular disease J Tennessee M A $2171 May 1959 2 Shopiro, S$ 
long term therapy of coronary arterioscierosis, Angiology 10126 Apr 1959 
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tration of the anticoagulant warfarin (Coumodin) sodium JAMA. 165-1377, 
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Med 9252 May 1956 Pollock. B E Clinical eaperience with Coumodin 

Sodium o new anticoagulant drug, Angiology 6506 Dec 1955. 20. Pollock, 

BE Clinical eaperience with warfarin (Coumadin) sodium ao new anticoagulant, 
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with coumarin anticoagvlonts warfarin ond warfarin sodium, A.M.A. 
Arch int Med 9421) Aug 1954 23 Shapiro Wartarin sodium derivative: 
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| ©6SUPPLIED: Oral— scored tablets, 2 mg., 5 ing. 


of some commonly occurring pitfall: 
1957 423 Boner D A study of 235 7/2 mg., 10 mg., 25 mg. Parenteral — single injection 
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Complete Information and Reprints on Request 
ENDO LABORATORIES 
Richmond Hill 18, New York 


Doctor » do you feel that your colleagues are miss- 
ing important new medical findings by not 


reading The American Journal of Medicine? 


Let us send them a complimentary copy—of 
course there is no obligation to you or your 


colleagues. Just fill out the coupon and mail 


it to us. 
Dr. Dr. 
Address Address 
Dr. Your Name 
Address Address 


N1-4-60 


The American Journal of Medicine 
11 East 36th Street, New York 16, New York 
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. THE OUTLOOK IS CALM 
=a FOR THE HYPERTENSIVE 


—just enough reserpine (0.1 mg. per tablet or tea- 
spoonful) to help control blood pressure without 
side effects. 
—just enough BUTISOL Sodium® butabarbital 
sodium (15 mg.) to induce calmness without 
drowsiness. 


Sutiserpine Tablets + Elixir + Prestabs® Butiserpine R-A 

(Repeat Action Tabiets) 
McNeill Laboratories, inc. 
Pritadeiphia 32, Pa. 
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DISSOLVES INTRAVASCULAR 


NOT JUST A NEW DRUG...A NEW THERAPY 


TRADE MARR K 
ORTHO PHARMAC | A | OR } RA RARITAN 


thrombophlebitis 
and 
pulmonary embolism 


Clinically proved,“* ACTASE has a specific lytic ef- 
fect upon the venous thrombus or pulmonary embolus. 
Patients respond rapidly, often dramatically, to the clot- 
dissolving action of an intravenous infusion of this phy- 
siologic fibrinolysin.* A significant decrease in length of 
hospitalization following thrombophlebitis, as well as a 
reduction in the threat of pulmonary embolism, is now 
possible. In one series of patients with deep thrombo- 
phlebitis, some of whom had previously 
suffered pulmonary emboli, no occur- 
rence of pulmonary emboli was reported 
following administration of ACTASE.' 


COMPLETE INFORMATION AVAILABLE ON REQUEST. 
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Noctec (Squibb Chloral Hydrate) 
refreshing Sleep best described 
preliminary exeltement or resultant 
offers reliable, conservative Sleep thera 
be prescribed \ heart 


or | or 2 teaspoontuls ot Solution 1S 


| Or. 2 33, Lr. capsules Or to 


bedtme. Supply. capsules 


and the rests casy! 
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MODERN 
LXUGS 


Edited by 
wp 
Ur eee. 


% INDEXED to save you time. 
Therapeutic, Drug, Manufac- 
turer’s and new Generic Name 
Indices plus self-pronouncing 
drug listings. 


% COMPLETE, authoritative, 
continuing service for 3 years— 
New 7th Edition plus 18 bi- 
monthly MopDERN DrucGs Sup- 
plements—all for $17.50. 


% ATTRACTIVELY BOUND in 
durable red cover stock. Ap- 
prox. 1500 pages. Size 6” x 
x 2". 
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eee “my indispensable source for 


More than 70°; of the pre- 
scriptions written today 
call for new drugs intro- 
duced within the past 3 
years. It’s imperative that 
your drug reference be 
complete, dependable, cur- 
rent and up-to-date. Here 
is your authority on Pre- 


MODERN DRUGS 


|) Remittance Enclosed 


MODERN DRUG 
ENCYCLOPEDIA 


AND THERAPEUTIC INDEX 
with FREE 3-YEAR bi-monthly supplement service, MODERN DRUGS 


new drug descriptions” 


SCRIPTION DruGs and the 
new Narcotic CLassIFI- 
CATIONS—your up-to-the- 
minute source for latest 
composition or descrip- 
tion, action, use, supply, 
dosage, caution and ad- 
ministration data on more 
than 4,000 drugs. 


11 East 36th Street, New York 16. New York 


C) Please send me the 7th Edition DeuG ENCYCLOPEDIA ond Theropeutic 
Indes, plus bi-monthly MOOteN DeuGs Supplements for J years—oll for $17 50° 
0) Send clong Binder for Supplements — $3.00 


Bill me loter 


Nome 
Addre 


City 


50 & USA, foreign 871.00 


— DERN DRUG » oO 
4 
THIS 3-YEAR SERVICE TODAY 
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money the bank... 


just as savings—not pocket money— 
insure financial solvency... 


so iron reserves—not hemoglobin— 
insure physiologic solvency 


“Anemia from iron deficiency occurs only when the iron reserves are completely depleted.” 
“...1ron therapy should provide iron for hemoglobin repair and in addition provide iron for 


storage.” 
IMFERON raises hemoglobin levels and rebuilds iron reserves quickly, safely, surely.2 Precise 


dosage can be computed easily for each iron-deficient patient. (See table in package insert.) 


(1) Holly, R. G.: Postgrad. Med. 26:418, 1959. (2) Evans, L. A. J., in Wallerstein, R. O., and Mettier, S. R.; tron in Clinical 
Medicine, Berkeley, Univ. California Press, 1958, p. 170. (3) Schwartz, L.; Greenwald, J. C., and Tendiler, D.: Am. J. Obst. 


& Gynec. 75:829, 1958. 
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Modutrol allows complete and lasting freedom from 
symptoms — without dietary restrictions. Of all agents 
tested, only Modutrol achieved the three rigid objec- 
tives for success in peptic ulcer therapy: relief of 
symptoms, healing of ulcer and prevention of recur- 
rences or complications. Moreover, Modutrol met these 
criteria in over 96 per cent of all patients tested.’ 


Psychophysiologic Medication To Combat A “Psychovisceral 
Process” 


Therapeutic efficacy of Modutrol is enhanced by its 
psycho-active component, Sycotrol — proved clinically 
to be not only more effective than either sedatives or 
tranquilizers, but ideally suited for ambulatory pa- 


tients because they do not experience commonly 


encountered side effects of depression and habituation. 
Sycotrol, a psychotropic agent with antiphobic prop- 


on Modutrol 


PEPTIC ULCER 
NOT 


REAPPEAR 


after-hours... 
after-stress... 
atter-years! 


erties, acts against fears and anxieties that find outlets 
in visceral manifestations. Modutrol combines the 
psycho-active agent with preferred antacid and anti- 
cholinergic therapy to provide total management of 
the disorder. 


FORMULA: Each Modutrol tablet contains ; Sycotro! (pipethanate 
hydrochloride) 2 me.. scopolamine methylnitrate 1 mg... magne- 
sium hydroxide 200 mg.. sluminum hydroxide 200 mg. 


DOSAGE: (ne tablet or 4 times daily. 
SUPPLIED: Bottles of 50 and 100 tablets. 


CONTRAINDICATIONS: Contraindicated in glaucoma because of 
ite anticholinergic componente. 


1. Resenblum, L. A.: Report, Symposium on Peptic Uleer, Univer- 
sity of Vermont Schoo! of Medicine, September 24, 1959. 


Also available: Sycotrol tablets 3 ng. Bottles of 100 tablets. 


REEO CARWRICK Ken iworth, New Jersey 


MODUTROL 


When the Target Organ of Fear-anxieties is the G.1. Tract and Peptic Ulcer Results. 
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“i 


promptly curbed by homary!amine—non-narcotic antitussive with the 
approximate potency of codeine. 
combated by three nonsystemic antibiotics—each active against 
common mouth and throat pathogens, all with relatively low sensitization 
potentials. 
soothed by benzocaine—a topical anesthetic that promotes pro- 
longed relief of inflamed or irritated tissues. 


troches 


Homarylamine - Bacitracin - Tyrothricin - Neomycin - Benzocaine 
Overwhelmingly selected by a taste panel. 


Available to your patients on your prescription only. 
DOSAGE: Three to five troches daily for three to five days. 
SUPPLIED: Vials of 12. 


MERCK SHARP & DOHME DIVISION OF MERCK & CO., Inc, PHILADELPHIA 1, PA. 


PENTAZEtS is « trademark of Merck & Co., Inc. 
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Prescribe 
release 
native 
insulin 


in the presence of 

a functional pancreas, 
Orinase causes the 
secretion of mative insulin 
via normal channels. 


Upjohn 


THE UPJOHN COMPANY, KALAMAZOO, MICHIGAN 


When time is precious 


PHOSPHATE 


will often increase blood pressure 
of patients in SHOCK without 
evidence of blood loss... 


‘puis 


APPROACH 
APPROACHES 


APPROACH 
APPROACH 


ready for immediate use— 
needs no reconstitution 


dramatic response in minutes 
or |.V.—injection can be 
as rapid as desired 


mg. for mg. the most active 
steroid in true solution 


flows readily even through 
a small-bore needle 


needs no refrigeration— 
excellent stability 


Injection DECADRON Phosphate is the direct approach in allergic emergen- 
cies, acute asthma, overwhelming infections (with antibiotic coverage), trans- 
fusion reactions, acute traumatic injuries. Injection DECADRON Phosphate 
can also be used in acute dermatoses, Addison's disease, adrenal surgery, 
panhypopituitarism, temporary adrenal suppression, rheumatoid arthritis, 
soft tissue injection. Note: Do not inject into intervertebral joints. Caution: 
Steroids should not be given in the presence of tuberculosis, chronic nephritis, 
acute psychosis, peptic uicer, or ocular herpes simplex. 


DOSAGE AND ADMINISTRATION 

7 tron DECADRON 
Phosphate is ready for im- 
mediate use intravenously, 
mmuscularly, or intra 
synovially. Dosage varies 
from 4 meg. or less to 20 
me. or more, depending on 
the nature and severity of 
tne condition and route of 


scirrumistration. 


SUPPLIED 
Injection DECADRON 
ospnate is avail in 5 


cc. vials. each cc. contain 


ing 4 me. of dexametha- 


sone 2i-phosphate as the 
disodium salt 


Additional! information on tIn.- 
rection DECADRON is avail- 
able at your request 
DECADRON is a trademark of 
Merck & Co... inc. 


€-D MERCK SHARP & DOHME - Division of Merck & Co., INC. + West Point, Pa. 
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Thelow cost antibacterial prescription with assured safety andeffectiveness 
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MADRIBON 


safe effective economical 


*...its simplicity of administration, safety, clinical 
response and reasonable cost make... | Madribon] a 
desirable drug in instances where it is equally effec- 
tive [as the antibiotics] and a choice drug in many 
antibiotic-resistant cases.” 


Clinically effective for infections with cultures positive for: 


Staphylococcus aureus hemolyticu:* B. proteus 

beta hemolytic streptococci EB. coli*® 
pneumococci Proteus* 

K. pneumoniae Shigella 

H. influenzae Salmonella* 

Ps. aeruqinosa* paracolon bacilli 


A new alternative in bacterial infections 
for many reasons — 


wide-spectrum activity 

¢ high rate of clinical effectiveness — up to 90% 

¢ less than 2 per cent side effects—even in long-term use 
¢ minimal risk of hazardous superinfections 

¢e essentially no danger of anaphylactic reactions 

¢ fewer problems with the development of resistant mutants 
economical therapy 


e reserves antibiotic effectiveness for fulminating, 
life-threatening infections 


For complete information on dosage forms, dosage sched- 
ules and precautions, consult literature available on request. 


*Some infections due to antibiotic-resistant strains have 
responded to Madribon. 


ROCHE casorarories 
Division of Hoffmann-La Roche Inc. 


Nutley 10, N. J. 
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Gi. 
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21. W. F. DeLorenzo and A. M. Schumacher, ibid., p. 11. 
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23. L. O. Randall. R. FE. Bagdon and R. Engelberg. Toricol. 
& Appl. Pharmeaceal., 1:28, 1959. 


24. 5 M. Finegold. Z. Kudinoff. H. O. Kendall and V. E. 
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26. L. EF. Skinner. ibid. p. 57. 
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hibit. Annual Meeting of the American Medical Association, 
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49. ©. Thalhammer ‘(University Pediatrie Clinic. Vienna, 
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Infeetious Pathology. Milan. Italy. May 6-10 i. 


KR. Sehupellt (Director. University Clinic, 
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51. S. Rammethardt (First University Surgical Clinic, Vienna, 
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52. M. Rinmetti (Institute of Surgical Pathology, University of 
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(University Pediatric Clinic, Berne, Switzer- 
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Beenger (Medical Department. Heidbere General Hos- 
pitai. Langenhorn. Hamburg. Germany). ibid. 
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MADRIBON® — 2, 4-dimethoxy-6-sulfanilamido-1, 3-diazine 


antibacterial bibliography: 


Economy 
& Utility 


clinically proved 


oral penicillin therapy 
that costs your 
patients less 


Pentids 


Squibb Penicillin G Potassium 

Available in these convenient dosage forms: Pentins ‘400° 
Tasiets (400.000 u.) Pentins ‘400° ror (100,000 u. 
per 5 cc. when prepared) Pextins (200,000 u.) 
Pentips ror Syrup (200,000 u. per 5 cc. when prepared) 
Pentio-Sutras (200.000 u. with 0.5 Gm. triple 


sulfas) * Pentips Carpsuces (200,000 u.) + Pextins Sotvere 


152 
: ‘ 
* % 
‘ 
* 
ru 
42° 


Ppatient 

hghtning 


needn't be grounded for long, 
nce you prescribe 


(PARAPLEX® + TYLENOL®) 


for muscle relaxation plus analgesia 


Prescribe PARAFON in low back pain—sprains—strains— 
rheumatic pains 

Each PARAFON tablet contains: 

PARAFLEX® Chlorzoxazone* 

The low-dosage skeletal muscle relaxant 

Acetaminophen 

‘Lhe superior analgesic in musculoskeletal pain 

Dosage: Two tablets t.i.d. or q.i.d. 

Suppled: Tablets, scored, pink, bottles of 50. 


and in arthritis 


with Prednisolone 
Each PARAFON WITH PREDNISOLONE tablet contains: PARAFLEX® 
Chlorzoxazone? 125 mg., Acetaminophen 300 
and prednisolone 1.0 mg. 
Dosage: One or two tablets t.i.d. or q.i.d. 
Supplied: Tablets, scored, buff colored, bottles of 36. 
Precautions: The précautions and contraindications that apply 
to all steroids should be kept in mind when prescribing 
PARAFON WITH PREDNISOLONE. 


*clectrical lineman tU.S. Patent Pending 


| McNEIL} 


McNeil Laboratories, Inc « Philadelphia 32, Pa. asmss 
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specific treatment 
for arthritic joints 


intra-articular/intrasynovial/intrabursal instillation 


0 good to excellent response in a vast majority of patients —“Low doses... provided 
rapid and effective relief...in almost all of the 157 patients treated...) ““...appeared to be superior 
as an intra-articular injectable substance to anything hitherto available.’ 


0 provides sustained, long lasting benefits—In 28 out of 34 patients,"’...complete relief 
was provided by a single injection...the relief lasting for an average of more than 2.5 months.” 


0 rapid relief of pain, swelling, and improved range of motion —“’Pain was relieved 
in 3 or 4 days, or less...’3 “...marked improvement in range of motion occurred in all of these 
patients.” “...more potent, milligram for milligram, than other injectable corticosteroids.”’! 


0 undesirable side reactions outstandingly rare —*’...appears to be a safe, potent, and 
effective preparation...” “*...tolerated as well as or better than hydrocortisone or prednisolone.’6 
Dosage: usual doses —2.5 to 5.0 mg. for smaller joints; 5.0 to 15.0 mg. for larger joints. Side Effects: outstandingly rare; although 
systemic effects do not ordinarily occur with Kenalog Parenteral when the proper techniques and dosages are used, careful 
clinical supervision is advisable for all patients receiving steroid therapy. Contraindicalions: infections in or near joints—e.g., 
gonococcal or tuberculous arthritis. Supply: a sterile aqueous suspension in 5 cc. vials, each cc. providing 10 mg. triamcinolone 
acetonide. References: |. Sperling, 1. L.: Clinical Research Notes vol. 3, No. | (Jan.) 1960. 2. Steinberg, C. L.: op. cit. 
3. Urist, M. R.: op. cit. 4. Meltzer, L. E.: op. cit. 5. Schwartz, S.: op. cit. 6. Felts, W. R.: op. cit. 

Among 363 patients treated with Kenalog Parenteral, 315 | 5 ais 
(86.7 %) obtained complete relief or were markedly improved.' ¢ SQUIBB 


Kenalog 


Triamcinolone Acetonide Aqueous Suspension 


‘xenacoe’® 15 A SQUIBB TRADEMARE. Squibb 
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Cosa- 


in a wide variety of infectious diseases encountered 
in daily practice. More than 120 published clinical 
reports attest to the superiority and 

effectiveness of oleandomycin-tetracycline, 


Signemycin 


glucosamine-potentiated tetracycline 


with triacetyloleandom yein 


antibiotic of choice when sensitivity testing is difficult 
or impractical. 


THE HOUSE-CALL ANTIBIOTIC 


available as: 


Capsules Oral Suspension Pediatric Drops 
raspberry-flavored 

125 mg. 2 oz. bottle, 125 mg. 10 ec. bottle (with cali- 

250 mg. per teaspoonful (5 cc.) brated dropper), 5 mg. 


per drop (100 mg. per cc.) 


Each 250 me. of Cosa-Signemycin contains: glucosamine- 
potentiated tetracycline—167 triacetyloleandomycin—83 me. 


Bibliography and professional information booklet on COSA-SIGNEMYCIN 
available on request. 


GED Science for the world’s well-being™ 


PFIZER LABORATORIES, Division, Chas. Pfizer & Co.,Inc., Brooklyn 6, N.Y. 


another patient with hypertension? 
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indicated effective 
in all degrees by itself in most 
of hypertension hypertensives 


wvoRoDIURIL with RESERPINE 


HYDROPRES can be used: 


> 2/7 (in most patients, HYDROPRES is the only antihypertensive medication needed.) 


> as basic therapy, adding other drugs if necessary (snould other anti- 
hypertensive agents need to be added, they can be given in much lower than usual dosage 
so that their side effects are often strikingly reduced.) 

> as replacement therapy, in patients now treated with other drugs 


(in patients treated with rauwoilfia or its derivatives, HYDROPRES can produce a greater anti- 
hypertensive effect. Moreover, HYDROPRES is less likely to cause side effects characteristic 
of rauwoifia, since the required dosage of reserpine is usually less when given in combination 
with HydroDIURIL than when given alone.) 


HYDROPRES- 25 HYDROPRES- 50 


25 mg. HydroDiURIL, 0.125 mg. reserpine. 50 mg. HydroDIURIL, 0.125 mg. reserpine. 
One tablet one to four times a day. One tablet one or two times a day. 


if the patient is receiving ganglion biocking drugs or hydraiazine, 
their dosage must be cut in half when HYDROPRES is added. 


For additional information, write Professional Services. Verck Sharp & Dohme, West Point, Pa. 
“Oo MERCK SHARP & DOHME, DiviSION OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 
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ELIXIR ALURATE DISRUPTS TENSION 


Dependable, prompt-acting daytime sedative. 


Broad margin of safety. Virtually no drowsiness. Over a quarter century of successful clinical use. 
Alurate is effective by itself and compatible with a wide range of other drugs. To avoid barbiturate 
identification or abuse, Alurate is available as Elixir Alurate (cherry-red) and Elixir Alurate Verdum 


(emerald-green). 


Adults: 4 to 1 teaspoonful of either Elixir Alurate or Elixir Alurate Verdum, 3 times daily. ALURATE* —brand of aprobarbital. 


ROCHE  asorarorics « Division of Hoffmann-La Roche Inc @ Nutley 10, N.J. 
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Nhe 
METRETON TABLETS 
regardless of place, regardless of time... 
effective Rx for food sensitivity— rapidly 
clears urticaria due to food allergies 


METRETON ™ Tablets, corticoid-antihistamine compound 
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IN ANGINA PECTORIS AND 
CORONARY INSUFFICIENCY 


... the treatment must go further 

than vasodilation alone. It should also 
control the patient's ever-present 

anxiety about his condition, since 

anxiety itself may bring on 

further attacks. 


AFTER MYOCARDIAL INFARCTION 


... it is frequently not enough to 

boost blood flow through arterial 
offshoots and establish new circulation. 
The disabling fear and anxiety that 
invariably accompany the condition 
must be reduced, or the patient 

may become a chronic invalid. 


Protects your coronary patient 
better than vasodilation alone 


Unless the coronary patient's ever-present anxiety 


about his condition can be controlled, it can easily induce 


an anginal attack or, in cases of myocardial 
infarction, considerably delay recovery. 


This is why Miltrate gives better protection for the heart 
than vasodilation alone in coronary insufficiency, angina 
pectoris and postmyocardial infarction. Miltrate contains 
not only PETN (pentaerythritol tetranitrate), acknowledged as 
basic therapy for long-acting vasodilation. What is 

more important — Miltrate provides Miltown, a tranquilizer 
of proven effectiveness in relieving anxieties, fear and 
day-to-day tension in over 600 clinical studies. 


Thus, your patient's cardiac reserve is protected against his fear 
and concern about his condition...and his operative arteries 
are dilated to enhance myocardial blood supply. 


Miltrate 


Miitown ® (.neprobamate! + PETN 


Supplied: of WO tablets 


Each tablet contains 200 mg 
Miltown and 10 mg. penta 
ervthritol tetranitrate. 
Dosage: ! or 2 tablets qid 
before meals and at bedtime, 
according to individual require- 
ments. 
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Proven 


over five years clinical use 


Effective 


FOR RELIEF OF ANXIETY 
AND MUSCLE TENSION 


Unusually Safe 


Does not interfere with autonomic function 
Does not impair mental efficiency, 
motor control, or normal behavior 

Has not produced hypotension, 
agranulocytosis or jaundice 


meprobamate (Wallac 


Supplied: 400 mg. scored tablets, 200 mg. sugar-coated tablets. 
Wy WALLACE LABORATORIES / New Brunswick, N. J. 


c™m-1413 


For Dependable Relief 


Skeletal Muscle Spasm... 
I'wo Tablets Per Day 


orphenadrine citrate 
ADVANTAGES 
e Mobility is restored quickly and 


associated pain relieved by prompt 
relaxation of muscle spasm. 


e Prolonged action and potency pro- 
vide round-the-clock benefits —in- 


TM* 


cluding uninterrupted sleep. 

e Impairment of general muscle 
tonus has not been reported when 
the recommended standard dos- 
age is followed. 

INDICATED IN ALL TYPES OF ACUTE MUSCLE SPASM 

following sprains, strains, whiplash STANDARD DOSAGE Only one tablet 
injuries, intervertebral disc syndrone, b.i.d. for all adults regardless of age, 
chronic osteoarthritis, etc. weight, or sex. Simple dosage assures 


maximum patient cooperation. 


Ne orflex for prompt, safe 
spasmolytic action 


CTredemart U. 8. Patent No. 2.567.361 
(Rites) — Coliforma 


